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1.0 INTRODUCTION

The recently releaseadighway Safety Manual (HSM), published by the American
Association of State Highway and Transportationcdfs (AASHTO), provides a
guantitative approach to predict the safety ofgpmmtation facilities based on the
recently developed scientific methods. This appnp&nown as the predictive method,
exists for three facility types: rural two-lane caway roads, rural multilane highways,
and urban and suburban arterial highways. Thelrstep of this predictive method
approach is to use safety performance functions¢gpRvhich are statistically derived
equations, to predict the average crash frequemcy §pecific facility type under base
conditions. When characteristics of facilities diffrom the base condition, then crash

modification factors (CMFs) are applied to accoiantthese differences.

Since the predictive method was developed fronctthsh data for a subset of states in
United States, the direct application of this appioto local conditions may result in low
precision estimations. This reduced precision magde to differences in crash reporting
thresholds, weather condition, driver populati@smal populations, or terrain.
Highways in specific local conditions may experiesgynificantly different prediction
values. To overcome these differences, the HSMmewends that local agencies should
either develop SPFs for their local conditions evelop calibration factors to adjust the
HSM SPFs to account for the expected changes s draquency. Currently, the State
of Oregon has elected to develop the calibratictofa for the HSM predictive methods.
The success of this calibration effort enablesStage of Oregon to convincingly use the
predictive method in the HSM. Also, since the Stdt®regon is one of the leading
agencies to test this calibration procedure, thelevprocess detailed in this project is
expected to benefit future predictive methods anogide guidance for other agencies in

their calibration projects.

The calibration project included two research ggyupregon State University (OSU) and
Portland State University (PSU). This thesis rewélae HSM calibration procedures
conducted by the OSU group, including the calilbraprojects for rural two-lane, two-

way roads and rural multilane highways. In addititve author identified two critical



data collection issues including the minor roaduathiaverage daily traffic (AADT) and
minimum sample size for under-represented crasititmts. Finally, since the required
sample size in the HSM may be impractical for lamaiditions, the author did further
research on the development of a new sample steengieation procedure. This thesis
also illustrates this new method.



2.0 LITERATURE REVIEW

This section reviews crash reporting thresholddnegon and neighboring states, the
predictive methods in the HSM, and an AADT estilmagprocedure.

2.1 Crash Reporting Thresholds

This section reviews crash reporting thresholddnegon and two neighboring states,
California and Washington.

2.1.1 Crash Reporting Threshold in Oregon

The crash reporting threshold in Oregon is forleeaghat involve more than $1,500 of
damage\Mlls, 2006).The State of Oregon is a self-reporting stateatzkens have the
legal responsibility to report crashes. The crasdlysis and reporting unit cannot,

therefore, guarantee that all qualifying crashesraluded in the crash data system.

2.1.2 Crash Reporting Thresholdsin California and Washington

The crash reporting threshold in California is domshes that exceed $750 in damage
(California Department of Motor Vehicles, n.d.), while the threshold in Washington is for
crashes with more than $700 damaglghington Sate Legisature, n.d.). Both of these
neighboring states have much lower thresholds tieu$tate of Oregon. The HSM
procedures include “default” crash distributionued that are based on California and
Washington data, so these varying reporting thidshtan dramatically affect reported
(and evaluated) crashes.

2.2 Predictive Methodsin HSM

The newly released HSM includes a predictive metbhagstimate the expected average
crash frequency of a roadway netwofASHTO, 2010). The predictive method is a
scientific approach to estimate the crash frequersayg the AADT and geometric
characteristics during a given time period. Théofeing sections review the HSM

predictive methods, facility types, crash assignisieand calibration procedures.



2.2.1 Predictive Models

For each specific facility type, the HSM includegradictive modelAASHTO, 2010).

The predictive model is shown in Equation 2-1. $tneate the predicted average crash
frequency Ny cqictea, the initial step is to apply a regression mokiegwn as the SPF, to
estimate the crash frequency of sites under basditcans. When the actual conditions of
roadway varies from the base condition, CMFs apdiegh to account for the changes.
When the actual conditions are the same as thedoasktion, specific CMFs equal 1.00.
To adjust the predictive models to local conditidhg next step is to apply the

calibration factor, C.

Npredictea = Nspgx X (CMFyx X CMFyy X+ CMFyy) X Cy (2-1)
Where:

Npreaictea = Predicted average crash frequency for a spegar for site type x;

Nepfx = predicted average crash frequency oeted for base conditions of SPF

developed for site type X;
CMF;, = crash modification factors specific toFSBr site type x; and

Cy = calibration factor to adjust SPF [bcal conditions for site type x.

2.2.2 Facility Types

Three types of roadways are included in Part Gi@HSM AASHTO, 2010): rural two-
lane, two-way roads, rural multilane highways, anghn and suburban arterials. For
each roadway type, there are generally two sitedypadway segments and

intersections.

2.2.3 Crash Assignment

Observed crashes may be assigned to either roaglgayents or intersections
(AASHTO, 2010). Definitions of roadway segments and intersectiare depicted in
Figure 2.1. As shown in Figure 2.1, observed crasbeated in region A are assigned to

intersections. Crashes that occur in region B cbele@ither intersection related or



roadway segment related. The assignment of crashegion B could be determined by
analyzing the crash characteristics. Generallysh@a that occur on an intersection

approach beyond 250 ft are assigned to roadwayesggm

Segment Length

tcenter of intersection to center of intersection)

A All crashes that occur within this region are classified as intersection crashes.
B Crashes in this region may be segment or intersection related depending on

the characteristics of the crash.

Source: AASHTO, 2010

Figure 2.1: Definition of Roadway Segments anérsgctions

2.2.4 Calibration of Predictive Models

To account for differences between jurisdictiongybpgraphic area, the HSM
recommends a calibration procedure which uses #piicative calibration factor to
adjust the predictive model8ASHTO, 2010). For each facility type, agencies should
develop a calibration factor. The calibration fagsoa ratio of the total observed crash
frequencies for a selected set of sites to thé ésq@ected average crash frequency
without calibration factors for the same sites. Whwe total observed crash frequencies
are larger than the predicted crash frequencies;dhbration factors should be larger
than 1.00. When there are fewer crashes obseraecdatie predicted, these values should

be smaller than 1.00.

For the HSM calibration procedure, each faciliggyrequires a minimum sample size of
30 to 50 sitesAASHTO, 2010). Where possible, these calibration sites shoald b



randomly selected from a larger set of candidaés si-or each facility type, the entire
group of sites should represent a total of at |[&88tcrashes per year. If fewer than 30
sites exist in a jurisdiction, then the data seusthinclude all available sites. The
calibration data includes two types of data: (1jal'observed crash frequency for a
period of time (one or multiple years); (2) Allesitharacteristic data required by the
predictive models. After the data collection, tladiliration factor can be computed using

Equation 2-2. The calculation is performed sepérdte each facility type.

C = Y il sites Observed crashes (2-2)

Y.ali sites predicted crashes

2.3 Estimation of Traffic Volume

Mohamad et al.1098) developed an AADT prediction model for countydsan

Indiana. The field data were collected from 40 d¢@msin Indiana. The AADT model

was generated based on multiple linear regres$iomauthors evaluated several
variables. Before the variable selection, all irelegent variables were centered to reduce
the correlation problem between independent vaglihe authors found that the

AADT of county highways is dependent on if the rasd rural or urban road, if the
county road has easy access to the state highlayjotal state highway mileage of a

county, and the total arterial mileage of a county.

24 Summary of Literature Review

This section reviews the differences in the cragorting threshold between the State of
Oregon and other neighboring states, the predictigthods and the calibration process
in the HSM, and the method to estimate traffic wodu This literature review directly
contributed to the calibration effort for the HSkegdictive methods in the State of

Oregon.



3.0 RESEARCH OBJECTIVE AND SCOPE

The calibration process for the HSM predictive médtiban be divided into two parts:
rural highways and urban/suburban highways. Thieadbcuses on the rural calibration
effort for the State of Oregon. For rural highwagdgictive methods, there are two
chapters in the HSM: Chapter 10-Predictive Metlmd=fural Two-Lane, Two-Way
Roads; and Chapter 11-Predictive Method for RuraltiMne Highways. Each facility
type model within these two chapters must be catidal. Table 3.1 depicts all models that
require calibration for this project. Furthermadeg to the relatively high crash reporting
threshold, many property-damage-only (PDO) crashesot reported in Oregon. To
overcome this bias, the author then developedredidn factors for fatal and injury
crashes. Moreover, since the HSM recommends usoally derived values, a
comparison is given to show differences in calibratesults between using HSM default

values and locally derived values.

Table 3.1: HSM Rural Models to Calibrate

Facility Type Segment Types I nter section Types

* Undivided (R2) * Four-Leg Stop (R4ST)
* Four-Leg Signalized (R4SG)
* Three-Leg Stop (MR3ST)

* Four-Leg Stop (MR4ST)
* Four-Leg Signalized (MR4SG)

Two-Way Roads

Rural Multilane « Undivided (MRU)
Highways * Divided (MRD)

Source: AASHTO, 2010

In addition to the calibration effort, the authoiadéyzed the calibration process. Where
possible, the author identified candidate waysrtprove the calibration method. During
the process, the author found a new sampling ptoegaoviding an improved estimate
of the required sample size. With this method,rein@searchers can minimize their

sampling effort without lowering the precision efkults.



4.0 CALIBRATION PROCESSOVERVIEW

Each facility type defined in the HSM requires &lration factor. The process to
generate this factor in this project can be sunuedras five steps:

Step 1: The author estimated an appropriate irsdaiple size which was usually 50
sites. With this sample size, he conducted a rarnslmpling procedure to select

calibration sample sites among the pool of all cdete sites.

Step 2: After the site selection, the author celdmbserved crash data for the selected
sites. If the total observed crash frequenéy;,{.,v.q) Of all sites did not meet HSM
requirements or the author’s expectation, he thereased the sample size until it met

the requirements.

Step 3: When selected sites met the sample sizgeawent, the author collected road
characteristic data of all selected sites. Forw@adsegments, he divided the sites into
homogenous segments based on changes of roadwaytehsstics.

Step 4: Following collection of road characteristata, the author computed an
unadjusted crash frequency (calibration factorshateapplied) for each segment or
intersection. Equation 4-1 depicts the calculaporcess in this stepl,, is the

predicted crash frequency under base conditiongr\/¢haracteristics are different from
the base condition, CMFs are applied by multiplytingN, .. The author reviews these

base conditions in Section 6.2
Npredicted (unadjusted) = Nspf X (CMFl X CMFZ Xoee CMFn) (4'1)

Step 5: The author then computed the calibratiotofa using Equation 4-2.

C Zall sites Nobserved

= (4-2)
Zall sites Npredicted (unadjusted)
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Figure4.1l: Flow Chart of the Calibration Process

Figure 4.1depicts the flow chart of the calibration procesthis projectThe calibration
process foall facility typesis based on this chaietails of the calibration process
depicted in tk following sections
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5.0 SITE SELECTION

This section reviews the calibration sample sizerdeination for all facility types and
specific sampling procedures for roadway segmardsraersections.

5.1 Sample Size Deter mination

The HSM minimum required sample size for each itgdiype is 30 to 50 sites. In
addition, all selected sites for one facility tygfeould represent 100 crashes per year.
However, for rural intersections, although the sknsfze has been increased for many
facility types, the total represented crashesadifinot reach 100 crashes. Due to the
complex data collection effort, an alternative viayddress this limitation is to reduce
the required number of crashes. Therefore, theoaudlttermined the sample size based
on the average Oregon crash history for each fiatylpe in the data collection effort in
this project. In Oregon, R4SG, MRD, MR4ST and MR4&Se a limited number of
sites available. Therefore, all sites of thesdifsidypes are included in the calibration

sample. Table 5.1 depicts the sample size by tatylpe.

Table 5.1: Sample Size by Facility Type

Facility Type | Sample Size*
Rural Two-L ane, Two-Way Roads
Segments
R2 2-lane Undivided 75
I nter sections
R3ST 3-leg, minor STOP 200
R4ST 4-leg, minor STOP 200
R4SG 4-leg, signalized 25
Rural Multilane Highways
Segments
MRU 4-lane undivided 50
MRD 4-lane dividied 19
I nter sections
MR3ST 3-leg, minor STOP 100
MRAST 4-leg, minor STOP 107
MRASG 4-leg, signalized 34

* Number of sites selected for the calibration gffo
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5.2 Sampling Procedures

Since the state highway system has relatively tingitand correct data, the authors
started with the pool of all possible candidatalitses for rural state highways. To
overcome site selection bias, the authors applieth@om sampling procedure to
randomly select samples from the population. Bydooting a random sampling
procedure, the authors firstly developed a samgfiage which includes all available
candidate sites in Oregon, and then randomly sslesites from the sampling frame.
Furthermore, the R4SG has a limited number of sitesg state highways, and may be
present along county or city roads. As a resudtahthor also included all R4SG

intersections along county or city roads in the giam

Site selection methods for roadway segments aeds@ttions may be different, and

these methods will be stated separately.

5.2.1 Roadway Segment Site Selection

In the HSM, there are three roadway segment typ2sMRU and MRD. The site
selection was based on random selection from #te bighway systems. To build up an
appropriate sampling frame for each facility tyftes author firstly used theunctional
Classification and National Highway System Status on Oregon Sate Highways
(ORStateHwysFCandNHS) to select rural state higlswakie next step is to use the
Oregon Department of Transportation (ODOT) lanere classify roadway segment
types. Table 5.2 depicts an example of the lanertép\WYO009 MP from 212.24 to
212.69). In Table 5.2, lane width 1 to 6 indicates number of lanes and width of each
lane. Median type indicates if a median is presentthe type of the median. Generally,

these two variables are key features used to ffabs roadway segment types.

As a qualified R2 roadway segment, the lane regostld indicate that two lanes are
present and the median type should show “undivideitlqualified R2 roadway
segments were included in the population, and thermauthor divided all segments to
approximately 2 miles segments which are the sangpinits in the sampling frame.
Finally, the author randomly selected 75 two-mégreents characterized by an average
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131 crashes per year (thereby meeting the HSMradiliim requirement of 100 crashes

per year).
Table 5.2: ODOT Lane Report

it | eSO | anewidth (ft) V?/rl‘gt‘r"d(f[) Median
Point | (explanation Shoulder o s
MP) | inSection |6|5|a|3/2/1] P |t |RrR| & |BE

5.2.2) - =
Highway #: 009 Oregon Coast Highwa

212.69 | 0(0(12(12|12|12| Paved 2 2 |Undivideq O
212.69C = 3 = C |0|0/|12|12[12/12] Paved 2 2 |Undivideq O
212.68 0/0(12/12|12/12| Paved 5 5 |Undivideq O
212.66 0/0]12({12|]12/12| Paved 5 5 |Undivideq 6
212.65 0/0]20|12/12/20| Paved 0 0 |Undivideq 14
21261C = | = C |0|0/20{12{12/20| Paved 0 0 |Undivideq O
212.53/C = | C |10(0/20/12|12|20| Paved 0 0 |Undivideq O
212.45C = 3 = C |0|0/|20{12{12/20| Paved 0 0 |Undivideq O
212.37|C = | 0/0(20/12|12/20| Paved 0 0 |Undivideq O
212.37 | = C |0|0/20|12{12/20| Paved 0 0 |Undivideq O
212.32 0/0]12({12|12/12| Paved 5 8 |Undivideq O
212.31 S 0(0(12(12/12|12| Paved 8 8 |Undivideq O
212.27= | W | = |0|0(12(1212/12| Paved 4 4 |Undivideq O
212.24 | 0(0(12(12|12|12| Paved 4 4 |Undivideq O

The site selection method of MRU is similar to thethod used for R2. Instead of two
lane segments, four lane segments were selectetthamaedian type should indicate
there was no median. However, different from R2rsaugs, a large number of MRU
segments were relative short in length, and toot Ssgments might have no crashes or
inflate crash predictions based on the short seglfaegth. Therefore, segments which
are shorter than 0.5 miles are not included irstirapling frame. Also, long segments
might contain many homogeneous segments, so theradivided segments longer than
2.5 miles into 2 miles segments. As a result, émgth of the sampling unit ranged from

0.5 mile to 2.5 mile. Finally, the author randoreslected 50 roadway segments from the
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data pool and these segments were characterizad ayerage of 121 roadway crashes

per year.

The author applied the same selection method to MR median type should indicate
there is a median. There are only a few MRD segsien®regon. All these segments

were included in the sample. There are 19 segmandisthe total length is 8.27miles.

5.2.2 Intersection Site Selection

In the HSM, there are six intersection types, R¥FAST, R4SG, MR3ST, MR4ST and
MR4SG. Except for R4SG, the author based site se@feon random selection from the
state highway systems. Because state highwaysfeav@4SG sites, intersections of this
type along county and city roads are also includetie sample. Before the random
selection, the author also used the ODOT lane tepatassify all potential sites for each
facility type. The intersection code in the lanpa® indicates the associated intersection
type and jurisdictions of the cross roads. Therg@etions have five district codes. The
first and fifth codes indicate the jurisdiction &pf the cross roads. For example, “s”
indicates that the cross road is a state highwailewk” represents county roads and “c”
represents city roads. When only one of code 2astibws “=" at one MP, then the main
road has a three leg intersection at that locatidimen both of code 2 and 4 show “=" at
one MP, there is a four leg intersection. Whencibde of 3 shows “3”, the intersection is
signalized controlled.

After the identification of the initial samplingaimes of each facility type, the author
conducted a random selection for each type untib&D sites were selected. When
selected sites could not represent 100 crashegeperthe sample size was increased.
During the site selection, the author used GooglehEo examine specific facility types.

Rural intersections have very few reported cragih@regon, and the target of 100
crashes per year for each facility type was nottpral for this project. Therefore, the
author considered practical sample sizes for diffefacility types based on the average
Oregon crash history. The average crash frequeercgite of MR3ST is consistently low
and increasing the sample size has little effedherincrease of the precision, therefore a

sample size of 100 sites was used for this intémetype. Since R3ST and R4ST are
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both common intersection types in rural systemsaththor increased the sample size of
each of them to 200. All candidate sites of R3S&SR and R4SG in Oregon are

included in the calibration sample.

After the site selection, the authors could colldaterved crash data and road

characteristic data for these sites and calcuktbration factors for all facility types.
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6.0 DATA COLLECTION

The calibration project needs two types of data fiitst one is the observed crash data
and the second one is road characteristic datastligy period is from the year of 2004
to the year of 2006. For this project, the authswdiall types of road characteristic data

(i.e. HSM default values were not used).

6.1 Observed Crash Data

The author obtained the observed crash data fran3@04 to 2006 from the crash
database provided by the Oregon Department of paategion’s Statewide Crash Data
System (CDS). Crash data for 2007 or later wereamatlable when this project was
initiated. For roadway segments, the author udeztaghes located within these
segments limits. For intersections, the author meduall crashes within intersections and
on the intersection legs (within 250 feet (15.3ri@})e author then acquired different
types of crash information to indicate if crasheglee intersection legs were associated
with the intersection or roadway segment. Thesa mhaiuded crash identity number,
crash type and collision type, character of roadsysection related designated by
officers, direction from intersection, and directiof travel. The method to designate if
crashes are intersection related is illustrate8eation 7.2. For each crash record, the
author also obtained the crash severity level whiah used to compute calibration

factors of safety performance functions for fatad @njury crashes.

6.2 Road Characteristic Data

This section reviews the required data elementdateéor the predictive models. The

author also illustrates the data collection procesldior these data.

6.2.1 Required Data Elements
Required data elements vary for predictive modetifeerent facility types. Table 6.1

depicts all data elements needed for the calibrgdroject. Since the first edition of the
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HSM does not include CMFs for MR4SG, the authoily oallected the AADT of the
major road and the AADT of the minor road for th&HABG.

Table 6.1: Required Data Elements

Data Requirements per Facility Type
Rural Two-Lane, Rural Multilane
Two-Way Roads Highways

Data Elements —
N (0p]
04

MR4ST

x| MRD

AADT of Major Road X
AADT of Minor Road
Segment Length

Lane Width

Shoulder Width

Shoulder Type

Horizontal Curve Data
Vertical Grades

Driveway Density
Centerline Rumble Strips
Passing Lanes

Two-Way Left-Turn Lanes
(TWLTLS)

Roadside Hazard Rating X
Side Slope X
Median Type and Width X
Lighting X[ X[ X[ X[ X[X]X]X
Automated Speed Enforcement X X | X
Intersection Skew Angle X
Intersection Left-Turn Lane
Intersection Right-Turn Lane

—
2
™
o
X
X

«<|%| R4SG
|| MR3ST
«|x| MR4SG

<

@
X
X

x| X

seLse | X} <[ <[ XX

N[ XX
M| X | X
> [ X
X[ XX
> | X | X

6.2.2 Data Collection Methods

The sources for AADT of major road and minor roapehd on the various jurisdictions
where the roads are located. If roads are statenaigs, their AADT can be acquired
from theODOT Traffic Volumes and Vehicle Classification Report. If roads are
maintained by other agencies, such as countiesi®s,¢he author contacted the
associated public work or road departments to i®ADT information. In many cases

these other agencies do not have AADT data fontimer roads at intersections.
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Therefore, the authors generated a set of AADTregion models to estimate AADTs

for these roads. When a state highway intersecteddwithout AADT information, the

authors initially assumed the state highway tohgenbajor roads. If the AADT

estimation models indicate that the locally mameai road carries more traffic volume,

the major and minor road intersection assumptiogiewhen modified. Section 7.1

provides details of the AADT estimation model.

The author collected lane width, shoulder widtlgudtler type, passing lane, and median

width information from théODOT Sate Highway Lane Report (see Table 5.2). The

author also acquired horizontal curve data inclgaiarve length, curve radius, the

presence of spiral transition curve, and the sugeston fromODOT Sate Highway

Horizontal Curve Report (see Table 6.2).

Table 6.2: Horizontal Curve Report

N .| Super
Beginning| Contract Location :
Roadway Mile Point 1D Seq # Elev Spirals
Rate
Degree
Curve Dir Cﬁﬂtral Curve Tall_negnent Len Ang (Tanincreas:
Ang 9 JLen (ft) (ft) | (degrees)(ft) | Rate
(degrees (ft)
(degrees)
Highway #: 026 MT. HOOD Hwy
1 80.48 26 180 | 0 Sﬁ’r']ra' ol o |o| o
Spiral
0 0 0 0 out 0 0 0 0
1 80.32 26 180 | 0 S‘I’r']ra' 300 9 |0 2
6 | L| 17.7958| 296.6| 148.8. Sg:;f" 300 9 |0 2
1 80.23 26 180 | 0O S‘I’r']ra' ol o |o| o
0 0 0 0 spirall g |9 1 o] o

Out
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Table 6.2 indicates that for Highway 26, a horiabourve is located from MP 80.32 to
MP 80.48. The length of the horizontal curve, whitludes spiral transitions, is 0.16
miles or the distance between MP 80.32 and MP 8048 degree of curvature is 6
degrees. The curve radius can be directly calalilayeusing Equation 6-1 (Radius: 954.9
ft for this curve). In addition, there is no supgewation present along the curve, and there

are two spiral curves with lengths of 300 ft.

Radiys = 5729.58 (Fo) (6-1)
acms = Degree of Curvature /

Where the degree of curvature is the central asigbtended by a chord of 100 ft.

The author obtained vertical grade informatiomfrineODOT Sate Highway Vertical
Grade Report. Table 6.3 depicts an example of this data andshbe vertical grade
information of Highway 26 from MP 80.4 to MP 90.For example, the grade from MP
80.4 to MP 82.91 is 1.03%.



Table 6.3: Vertical Grade Report
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Beginning | Location | Percent SAG/ Curve | Contract | Estimated
Milepoint Seq # Grade | CREST L(i?gth ID Data
Highway #: 026 MT. HOOD Hwy
90.21 100 2.57 S 500 11400 N
89.9 100 1.51 C 500 11400 N
89.68 100 2.13 S 200 11400 N
89.45 100 2.39 S 1200 11400 N
89.22 100 -2.28 C 200 11400 N
88.92 100 -2 C 500 11400 N
88.67 100 -1.1 S 500 11400 N
88.35 100 -3.12 C 600 11400 N
84.97 180 -1.86 C 800 26 N
84.69 180 -0.27 S 400 26 N
84.42 180 -1.85 S 200 26 N
84.04 180 -2.77 S 200 26 N
83.94 180 -4.43 C 400 26 N
83.81 180 -1.51 S 400 26 N
83.27 180 -3.58 C 500 26 N
82.91 180 -2.45 C 800 26 N
80.4 180 1.03 S 1000 26 N
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The author obtained the automated speed enforcanferhation from the ODOT
TransGIS Intelligent Transportation System (IT$¢.drigure 6.1 shows the ITS sites

located along the Oregon state highways.

Legend
/.‘/ Highways Z00E

@ IT5 Points 2008
|:| Counties 2007

Sim:

Oregan Deparimeand of Tramsparision

Figure 6.1: ITS Sites along State Highways
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In Oregon, there is currently no available datalvasieh has information pertaining to
the driveway density, the presence of centerlimetle strips, the presence of two-way
left turn lanes, the roadside hazard rating, tte slope, and the lighting of roadways.
Therefore, the authors used subjective judgmeriit agsistance from the ODOT Digital
Video Log to determine these variables. Figuredg@icts an example video log view at
MP 7.00 of the Oregon Coast Highway (HWY 009). Vigeo log has images indicating
surrounding features along state highways.

10/22/2007 4 009 {1) OregonCoast. MP 7.000 =~ US 101

Figure 6.2: ODOT Digital Video Log

The author collected data including intersectightings, intersection skew angle,
intersection left turn lane, and intersection righth lane from Google Earth images. To
simplify the data collection process, when the skewle was smaller than 10-degrees,
the skew angle was assumed to be 0-degree. Figdishéws an example of the view of
an intersection from Google Earth. In this intets®, there are four left-turn lanes on
four approaches, and two right-turn lanes on magmroaches. The skew angle is smaller
than 10-degrees (about 8-degrees), so it was asisionfiave an appropriate skew angle
of O-degrees.
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Figure 6.3: Use of Google Earth for Intersectidrafacteristics Data



Finally, Table 6.4 lists the so
final calibration effort.
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urces for the vasioata elements ultimately used for the

Table 6.4: Resources of Characteristics Data

Data Elements

Resour ces

AADT of Major Road

ODOT Traffic Volumes and Vehicle Classification
Report and Local Agencies

AADT of Minor Road

ODOT Traffic Volumes and Vehicle Classification
Repor , LocalAgencies and AADT Estimate Mot

Segment Length

Length of Homogenous Roadway Seigmen

Lane Width ODOT State Highway Lane Report
Shoulder Width ODOT State Highway Lane Report
Shoulder Type ODOT State Highway Lane Report

Horizontal Curve Data

ODOT State Highway Horizo@arve Report

Vertical Grades

ODOT State Highway Vertical Gradgp@t

Driveway Density

ODOT Digital Video Log

Centerline Rumble Strips

ODOT Digital Video Log

Passing Lanes

ODOT State Highway Lane Report

TWLTLs ODOT Digital Video Log

Roadside Hazard Rating ODOT Digital Video Log

Side Slope ODOT Digital Video Log

Median Type and Width ODOT State Highway Lane Repor

Lighting ODOT Digital Video Log (Roadway), Google Earth

Automated Speed Enforcem

ODOT TransGIS

Intersection Skew Angle

Google Earth

Intersection Left-Turn Lane

Google Earth

Intersection Right-Turn Lane

Google Earth

6.3 Summary of Data Collection

This section demonstrates the data collection naistlaod sources for the calibration
effort. The data collection includes observed cidesta and road characteristic data for
the predictive models. With these two types of dita author could then compute

calibration factors for all facil

ity types.
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7.0 DATA ANALYSIS

This section illustrates the generation of the AA&sTimation model, the observed crash
data assignment, and the calibration process.ditiad, the author reviews the method

used to generate locally derived values.

7.1 AADT Estimation Model

The AADT for minor roads at intersection locatioss type of road characteristic data
required for intersection safety assessment. Howeavany minor roads are maintained
by local agencies and have limited available AARQifad Therefore, this type of data is
often not available for intersection locations. 8ese the collection of all unavailable
AADT data is impractical, the author generatedtao§&ADT estimation models based
on characteristics of those sites which have aviglAADT data. With these models, the
author could then estimate unavailable AADT datee AADT estimation models were

multiple linear regression models.

7.1.1 Response Variable and I ndependent Variables
The response variable for these estimation modasstine AADT of the minor road. The
author evaluated a variety of independent variadhesfinally found 12 variables which

appeared to contribute to the estimation proce(hee Table 7.1).
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Table 7.1: Candidate Independent Variables foraviRADT Estimation Models
Variable Description
CtPop County population
CityPop Population of nearest city
Income Average per capita income of the region
Distance Distance to the nearest freeway (miles)
MIA Is the cross street a minor arterial? (1=yemd)
MAC Is the cross street a major collector? (1=0e%10)
CityLimit Is the intersection located within a ciignit? (1=yes, 0=no)
Right Is a right-turn lane present on the minodfél=yes, 0=no)
RightCross Does the major road have a right-tume?a(1=yes, 0=no)
LandUse Is the adjacent land developed? (1=ye9)0=n
Centerline Is a centerline present on the minod?qd=yes, 0=no)
Edgeline Does the minor road have striped edg&liiEsyes, 0=no)

In Table 7.1, the first four independent varialdes continuous variables. To minimize

the unbalanced variance of these variables, theoatansformed both the response and

independent continuous variables to a log 10 carditgon prior to the model regression.

7.1.2 Multicollinearity I ssues

When models have two or more predictor variablessé variables may be highly

correlated to each other. This statistical phenames called multicollinearity. Because

one important assumption of linear regressionas ittdependent variables should not be

correlated to each other, the author attemptednamize the multicollinearity issue

between variables. Therefore, before the modekssgon, all independent continuous

variables were centered to relieve the multicodimty problem (Mohamad, Sinha,

Kuczek, & Scholer, 1998). By centering variabldspbservations of these variables

were subtracted from the mean of all observations.

In addition, the author used the variance inflateactor (VIF) to test if strong

correlations existed between independent varialeserally when the maximum VIFs

for all variables is less than 10, there is noaerimulticollinearity problem (Rawlings,
Pantula, & Dickey, 1998). Table 7.2 depicts VIFsdb of the candidate independent
variables. As shown in Table 7.2, VIFs for all ipdaedent variables were considerably
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less than 10 with the largest value of 1.66. Assalt, no significant multicollinearity

problem exists among the candidate independerdhlas.

Table 7.2: VIFs of Independent Variables

Variable CtPop CityPop Income Distance MIA MAC

VIF 1.576216 | 1.31081 1.197954 1.289462  1.409835 1.27849
Variable | CityLimit Right RightCross | LandUse | Centerline | Edgeline

VIF 1.28243 1.19889 1.266984 1.268892  1.434917 1.662607

After the model selection, the author then caledaictual Pearson’s correlations
between selected independent variables and difintbserious correlation issues.

7.1.3 Variable Sdlection

The author used Cp statistics to select the optuaiaables combination from all possible
combinations of 12 variables. To find this combimat the initial step is to use a
statistical software package to automatically dedee optimal model for each number of
parameters (the intercept and variables). Theoadlien developed a Cp plot to find the
optimal number of parameters (see Figure 7.1).reigul depicts the relationship
between the Cp statistic of each optimal modehtnaber of parameters, p. The line
depicted in Figure 7.1 represents when Cp equdld@final optimal model should have
this characteristic of Cp equals p (Ramsey & Sahafe02). For a Cp value above the
line, the model is biased. A Cp below the line sgig that the model includes
unnecessary independent variables. To choosertaleoiptimal model, the author
selected the smallest p value where the Cp wadamtiadn p. Figure 7.1 indicates the
desired model is selected when p equals 10. Thmalptombination of predictor
variables when p equals 10 included variables stddice, MIA, MAC, CityLimit, Right,
RightCross, LandUse, Centerline and Edgeline.
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7.1.4 Model Regression
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The author found that MR4SG requires a separateemAd a result, the author

generated two AADT estimation models. Model 1 eated the AADT for minor roads

of all intersection types except for MR4SG. Mod@stimated the AADT for minor

roads of MR4SG. Table 7.3 depicts the regressisultefor these two models.

Table 7.3: Regression for Two Models

Mode 1[Appliesto
I nter section R3ST,

Model 2 [Appliesto

Models: R4ST,R4SG, MR3ST, and I nter section MR4SG]
M R4ST]

R-Square: 0.6231 0.6395

Variable Name Value Pr (>[t]) Value Pr (>[t])
Intercept 2.0281 0.0000 2.0246 0.0000
Distance
(transformed ang -0.1120 0.0136 -0.1064 0.0170
centered)
MIA 0.6810 0.0000 0.6634 0.0000
MAC 0.4148 0.0000 0.4132 0.0000
CityLimit 0.1391 0.0732 0.1427 0.0580
Right 0.1761 0.0266 0.1987 0.0093
RightCross 0.2060 0.0036 0.2073 0.0025
LandUse 0.2125 0.0001 0.2229 0.0000
Centerline 0.3028 0.0001 0.2988 0.0001
Edgeline 0.1268 0.0451 0.1381 0.0281

These two models are shown in Equation 6-2 and tiequé-3.
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Model 1:

log,oAADT = 2.0281 — 0.112 X (log,oDistance — 1.175) + 0.681MIA +
0.4148MAC + 0.1391CityLimit + 0.1761Right + 0.2060RightCross +

0.2125LandUse + 0.3028Centerline + 0.1268Edgeline (6-2)
Model 2:
log10AADT = 2.0246 — 0.1064 x (log,oDistance — 1.178) + 0.6634MIA +
0.4132MAC + 0.1427CityLimit + 0.1987Right + 0.2073RightCross +

(6-3)

0.2229LandUse + 0.2988Centerline + 0.1381Edgeline

The values of “1.174634” in Model 1 and “1.17751%'Model 2 result from the log10

transformed distance.

R-square values of these two models are greaterQtéa suggesting that these two
models could effectively indicate AADTs of minoraats. In addition, all values of
parameters have expected signs and there areamg storrelations between variables.

Therefore, these two models could be used to ei®ADT of minor roads in Oregon.

7.2  Crash Assignment

Since crashes that have occurred on highways dmuddther intersection related or
roadway related, it is important to have a reaskatethod to assign crashes. The
roadway crash assignment and the intersection assgnment are similar in theory.
Methods of assigning crashes to roadway sitestersection sites are stated separately

below.
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7.2.1 Assigning Crashesto Roadway Sites

For each roadway type, the author recorded alheathat occurred along the selected
roadway segments during the three year study pé2ia@4-2006). He then analyzed each
crash to determine if it should be assigned aswagdelated. The steps of this analysis

are shown in the order of preference as follows:

1. If the crash data indicated that the crash occuateth intersection, the crash is
not assigned to the segment.
2. If the crash is indicated to be intersection relatee crash is not assigned to the
segment.
3. If the crash is indicated to be driveway relatbe, ¢rash is assigned to the
segment.
4. If the crash is a rear-end crash and the crashri@ztat an intersection
approaching leg, then the crash is not assigndteteegment.
5. All other crashes are assigned to the segment.
After all crashes were assigned, the author nextteal all qualified roadway segment
crashes, and used this total value as the totabeuof observed crashes for the

particular roadway type.

7.2.2 Assigning Crashesto | ntersections

For each intersection type, the author recordedrafihes at the selected intersections and
their legs (250 ft from the center of intersectjotigring the three year study period
(2004-2006). He then analyzed each crash aroumitensection to determine if that

crash was related to that intersection. The stéfisecanalysis are shown in the order of

preference as follows:

=

If the crash data indicated that the crash occuatede intersection, the crash is

assigned to that intersection.

2. If the crash is indicated to be intersection relatbe crash is assigned to that
intersection.

3. If the crash is indicated to be driveway relatbée, ¢rash is not assigned to that
intersection.

4. If the crash is a rear-end crash and the crashri@ttat the intersection approach,
then the crash is assigned to that intersection.

5. All other crashes are not assigned to that intésec
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After all crashes were assigned, the author coualteylialified intersection related
crashes, and used the total value as the total euaflwbserved crashes for the particular

intersection type.

7.3 Homogenous Roadway Segments

The HSM requires that each roadway segment siteldie divided into homogenous
segmentsAASHTO, 2010). Since road characteristics may vary frequertypgeach
segment, the HSM recommends a minimum homogenausesd to be 0.1 miles.
However, it is time consuming for researchers tayhteaverage CMFs due to the
characteristics changes within the 0.1 miles segnei®regon, the ODOT state
highway inventory reports provided characteristiata for average 0.01 MP of all state
highways. Therefore, instead of dividing segmetassinto homogenous segments, in this
project all sites were first divided into 0.01 nsilgegments which are the minimum
measure by ODOT, and then these 0.01 miles segwentscombined into homogenous
segments of which the minimum length was 0.1 mHes.the minimum homogenous
segment, when characteristics vary within the segn@MFs of all 0.01 miles
compositive segments were averaged in order tohweigerage effects of characteristics
changes along the segment. The total predictivehdraquency of all combined
homogenous segments is the total predictive crasfuéncy of the site.

7.4 Predicted Crash Calculation

In this section, the author reviews the predictesiec calculation process and then uses

an example for further explanation.

7.4.1 Predicted Crash Calculation Process

To calculate the unadjusted predicted crash fregypueheach homogeneous segment or
intersection, an analyst should calculate the nuraberashes under the base condition
using the SPF included in the HSM. For examplebtiee conditions for a rural two-
lane, two-way road segment are 12 ft lane widtt péved shoulder width, a roadway

hazard rating which is 3, 5 driveways per mile ¢adway hazard rating, scaling from 1
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to 7, represents roadside design features suddesape and clear zone width), level

vertical condition, no horizontal curves, no supmpdatal lanes, no rumble strips, no

lighting, and no automated speed enforcemdfy, is the value of predicted total crash

frequency for the base condition as calculatedgugia SPF equation.

The next step is muItipIyinngpf by all CMFs that represent non-base condition. When

any feature of the site adheres to the base congitie associated CMF equals 1.0.
When the feature does not achieve base conditinissexpected to have a CMF value
that is not equal to 1.0. If the feature would tesua decrease in predicted crashes
compared with the base condition, then the CMF kshibave a value smaller than 1.0.
The CMF is a multiplicative value so multiplying ty0, therefore, does not influence

total predicted crashes.
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7.4.2 Example of Predicted Crash Calculations

An example of a MRU site (Site 3) on Hwy 35 [fronPM.5.93 to MP 17.93] can help to
demonstrate predicted crash calculation procasshis example, the study year is 2005.
Road characteristic data for part of this segmikiit (6.85 to MP 17.11) are shown in
Table 7.4. In Table 7.4, the location of MP 16.85he end of previous homogenous
roadway segment (Segment 4). A new segment (Sedsmshbuld start at this location.
The table indicates that at MP 16.89, the sideesfopone side varies from 1:2 to 1:7.
The Segment 5 should end at MP 16.89. Howevemihanum segment length is 0.1
miles. The Segment 5 should continue until thetlengaches the minimum length.
Therefore, Segment 5 is from MP16.85 to MP 16.9% wie length of 0.1 miles, and the
next homogenous segment in this site is from MPRL&®MP 17.11 (Segment 6). There

are a total of 11 homogenous segments for Site 3.

Table 7.5 shows the part of the predicted crashregion spreadsheet for Site 3 of MRU
segments. The predicted number of crashes forake tondition are 0.235and 0.376 for
segments 5 and 6 respectively. The CMFs are awtfageach segment. After the
CMFs are applied, the unadjusted predicted numberaghes for Segment 5 is 0.238,
while this value is 0.387 for Segment 6. After cédting the unadjusted predicted crash
frequencies for all homogenous segments, the pogalicted number of crashes for this
site can be determined as the sum of all unadjystsdicted crash frequencies. The total

predicted crash frequency for site 3 is 5.416.
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Table 7.4: Characteristics Data Spreadsheet ofliRaa Segments

(@) —
Z T8 Side| |8 @

% E % % % ‘,__E’ 8 Lane Width (ﬁ@hd(iﬁldferhoulde Slope| € §§ g

LEIZ R B2k dth (1) Type |(1X) |58 & S

wigI|lo| W) ) g3 2 €

" =% 1]2]3]4 1] 2 2 |< o

3 5 3516.8516.860.01760012 12 12 12 10 10 paved 7 2

3 5 3516.8616.840.01760012 12 12 12 10 10 paved 7 2

3 5 3516.8716.840.01760012 12 12 12 10 10 paved 7 2

3 5 3516.8816.890.01760012 12 12 12 10 10 paved 7 2

3 5 3516.8916.9/0.01760012 12 12 12 10 10 paved 7 6

3 5 35 16.916.910.01760012 12 12 12 10 10 paved 7 6

3 5 3516.9116.920.01760012 12 12 12 10 10 paved 7 6

3 5 3516.9216.930.01760012 12 12 12 10 10 paved 7 6

3 5 3516.9316.940.01760012 12 12 12 10 10 paved 7 6

3 5 3516.9416.950.01760012 12 12 12 10 10 paved 7 6
SUMAverage
0.1 760C

3 6 3516.9516.960.01760012 12 1212 6 6 paved 7 6

3 6 3516.9616.970.01760012 12 1212 6 6 paved 7 6

3 6 3516.9716.980.01760012 12 1212 6 6 paved 7 6

3 6 3516.9816.990.01760012 12 1212 6 6 paved 7 6

3 6 3516.99 17 |0.01760012 12 1212 6 6 paved 7 6

3 6 35 17 17.010.01760012 12 1212 6 6 paved 7 6

3 6 3517.0117.020.01760012 12 1212 6 6 paved 7 6

3 6 3517.0217.030.01760012 12 1212 6 6 paved 7 6

3 6 3517.0317.040.01760012 12 1212 6 6 paved 7 6

3 6 3517.0417.030.01760012 12 1212 6 6 paved 7 6

3 6 3517.0517.060.01760012 12 1212 6 6 paved 7 6

3 6 3517.0617.040.01760012 12 1212 6 6 paved 7 6

3 6 3517.0717.080.01760012 12 1212 6 6 paved 7 6

3 6 3517.0817.090.01760012 12 1212 6 6 paved 7 6

3 6 3517.0917.1|/0.01760012 12 1212 6 6 paved 7 6

3 6 3517.117.110.01760012 12 1212 6 6 paved 7 6
SUMAverage
0.16 760C

3 Note: Site 3 is from MP 15.93 to MP 17.93. Them Bt homogenous

segments. This table shows examples of segmerd Seyment 6




35

Table 7.5: Unadjusted Predicted Crash Frequenoyu@dion Spreadsheet

Site £ o |Hwy| Beg | End | L |AADT
NO 22 NG| MP | MP (mi) |2005) Ns CMFs Noredict
£52 8 58,8
ST 0o =~ £ ©o
= ScQ N S 20 8
22857 8 5EH5
svz p <432 §F
3 5 35 16.8° 16.8¢/0.01 760C 1 09¢ 1.0¢1 1
3 5 35 16.8616.87/0.01 7600 1 096 1.091 1
3 5 35 16.8716.88/0.01 7600 1 096 1.091 1
3 5 35 16.8816.89/0.01 7600 1 096 1.091 1
3 5 35 16.89 16.9| 0.01 7600 1 096 1.031 1
3 5 35 16.9 16.900.01 7600 1 096 1.031 1
3 5 35 16.9116.92/0.01 7600 1 096 1.031 1
3 5 35 16.9216.93/0.01 7600 1 096 1.031 1
3 5 35 16.9316.94/0.01 7600 1 096 1.031 1
3 5 35 16.9416.95/0.01 7600 1 096 1.031 1
SUMAverage
0.1 7600 0231 096 1.051 1  0.238
3 6 35 16.9516.96/0.01 7600 1 1 1031 1
3 6 35 16.9616.97/0.01 7600 1 1 1031 1
3 6 35 16.9716.98/0.01 7600 1 1 1031 1
3 6 35 16.9816.99/0.01 7600 1 1 1031 1
3 6 35 16.99 17 |0.01 7600 1 1 1031 1
3 6 35 17 17.010.01 7600 1 1 1031 1
3 6 35 17.0117.02/0.01 7600 1 1 1031 1
3 6 35 17.0217.03/0.01 7600 1 1 1031 1
3 6 35 17.0317.04/0.01 7600 1 1 1031 1
3 6 35 17.0417.05/0.01 7600 1 1 1031 1
3 6 35 17.0517.06/0.01 7600 1 1 1031 1
3 6 35 17.0617.07/0.01 7600 1 1 1031 1
3 6 35 17.0717.08/0.01 7600 1 1 1031 1
3 6 35 17.0817.09/0.01 7600 1 1 1031 1
3 6 35 17.09 17.1|0.01 7600 1 1 1031 1
3 6 35 17.1 17.100.01 7600 1 1 1031 1
SUMAverage
0.16 7600 0371 1 1031 1  0.387
3 H

SUM: 5.416
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7.5 Calculation of Calibration Factors

Following the calculation for the total observedstres and the total unadjusted predicted
crashes of all sites, the author could then caleutee associated calibration factor. The

calibration factor is calculated as follows:

Z Nobserved

C= allsites (6-4)
Z Npredicted(unadjusted)
allsites
Where:
Ngoserved = observed crash frequency of each site

N edices unadiuseay = UNAdjusted predicted crash frequency of each site

C = calibration factor

Based on the example shown in Section 7.4.2, tiakpoedicted crash frequency for site
3 is 5.416 for the year of 2005. The total obsemaadiway crash frequency for this site
is 5 during the year 2005. Therefore the calcutatibthe calibration factor for this site
with the study period of 2005 is shown as follows:
5 -
Csite 3 2005) = g 77¢ = 092 (6-5)
The calibration factor of 0.92 is an example of towealculate calibration factors;

however, the actual calibration factor needs toddeulated based on the HSM

calibration process requirement.

7.6 Development of Locally Derived Values

The HSM default values include the collision typstribution, the severity proportion,
and the nighttime crash proportion. These defallies were developed for a subset of
states in the United States. Therefore, these ief@ues may not represent crash
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characteristics in Oregon and developing Oregoallpderived values may make the
calibration results more reliable. To develop theslees, the author analyzed the crash
data of all state highways in Oregon. The authentienerated two types of locally
derived values: (1) Each design year has its owallypderived values which are derived
from crash data of that year; (2) Average locablyived values which are derived from

crash data of all three years.

In this section of the data analysis overview,ab#hors illustrated the method to
generate the AADT estimation model, the crash assant approaches, calibration
calculation methods, and the development of loaddigved values. The next section

reviews the calibration results.
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8.0 CALIBRATION RESULTS

In this section, the author reviews the resultgtiercalibration project. Calibration
results include the calibration factors using HS&adllt proportions for all facility types,
and statistical analysis results of the comparisetween using HSM default proportions
and using two types of locally derived values ia tlalibration process. Finally, the

author developed calibration factors for fatal andry crash types.

8.1 Calibration FactorsBased on HSM Default Proportions

Calibration factors based on HSM default proporiare shown in Table 8.1. For each
facility type, the table provides a calibrationttacbased on three years’ crash data and
calibration factors based on each year’s crash da#dibration factors are also depicted

in Figure 8.1.

Table 8.1: Estimated Calibration Factors for Ore¢ggSM default crash proportions)

Observed (O) and Predicted (P) Crashes Calibration Factor
$3‘;'e'ty n 2004 2005 2006 22%%‘; 2004 | 2005 | 2006 22%%‘(‘5'
olpPlofprPlolPlo] P [CulCus|Cous|Cux

SEGMENTS

Rural Two Lane
R2 | 75| 123] 180 139 176 132 177 3B4 5B3 068 (.79 5 0.70.74

Rural Multilane
MRU 50 | 111] 337 138 332 115 334 364 1003 0|33 042340 0.36
MRD 19 | 17| 25| 15| 25| 260 29 54 79 069 060 1)03 0.78

INTERSECTIONS

Rural Two Lane

R3ST 200f 31| 115 43 113 34 114 1p8 342 0j27 Q.38 0 0.30.32
R4ST 200f 67| 220 59 21 78 216 204 6p2 0|31 Q.27 6 0.30.31
R4SG 25| 38| 99 51 99 53 102 142 300 0/38 051 0.52.47 0

Rural Multilane
MR3ST | 100 16 80 10 78 11 78 3y 236 0.20 0/13 0.14 .160
MR4ST | 107 48| 150 58 149 72 148 1y8 446 032 .3949 0. 0.40
MR4SG 34 51| 352 49 352 57 349 157 1053 0|14 1416 (. 0.15

o

(@)
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1.2
1 H Year 2004
Year 2005
]
08 Year 2006

mAll Three Years

Calibration Factor

R2 R3ST R4ST R4SG MRU MRD MR3ST MR4ST MR4SG

Figure 8.1: Calibration Factors by Design Years

As shown in Table 8.1 and Figure 8.1, for all fiéagitypes, the calibration factors based
on three years’ crash data are less than 1.000Rga&d low calibration factors will be
explained in Section 8.4. MR4SG has the lowesbratiion factor with a value of 0.15.
The low calibration factor of MR4SG is because thatent HSM does not provide
CMFs for the predictive model of MR4SG and the predl crash frequency for this type
is much higher than expected. Except for MRD, eatibn factors of most facility types
are consistently in the same level over three yddms reason for the inconsistent
distribution of calibration factors for MRD is dtethe very limited availability of sites

for this facility type and the large variance withhe small sample size.
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8.2 Locally Derived Values Results

Based on the locally derived value generation nteth&ection 7.6, the author
developed two types of locally derived values:I¢trlly overall derived values (values
are developed for all three years); and (2) localtividual derived values (values are
developed for each design year). Table 8.2, TalBlea®d Table 8.4 depict example
locally derived values (overall) of rural two-larte/o-way roads. All locally overall and

individual derived values of all facility types Wile presented in Appendix B.

Table 8.2: HSM-Default Collision Distributions eeis Oregon Distribution (Three
Years Crash Data) (Rural Two-Lane, Two-Way Roads)

Percentage of total roadway segment crashes bly searity level
Locally Overall Derived

HSM-Provided Values*

Values
N Total TOTAL Total TOTAL
Collision type fatal Property (aII_ fatal Property (aII_
damage severity damage| severity
and and
injury only Ievgls injury only Ievgls
combined combined)
SINGLE-VEHICLE CRASHES
Collision with animal 3.8 18.4 12.1 3.1 12.( 7.2
Collision with bicycle 0.4 0.1 0.2 0.6 0.0 0.3
Collision with pedestrian 0.7 0.1 0.3 0.8 0.0 0.4
Overturned 3.7 15 2.5 8.6 3.8 6.4
Ran off road 54.8 50.5 52.1 47.1 39.1 43.5
Other single-vehicle crash 0.7 2.9 2.1 17 1.8 15

Total single-vehicle crashes 63.8 73J5 69.3 62.0 .256 59.3
MULTIPLE-VEHICLE CRASHES

Angle collision 10 7.2 8.5 0.8 0.7 0.8
Head-on collision 3.4 0.3 1.6 5.8 1.0 3.6
Rear-end collision 16.4 12.2 14.2 18)8 214 20.0
Sideswipe collision 3.8 3.8 3.7 4.4 7.1 5.6
Sgniigor;l‘“"'p'e"’eh'c'e 26| 30 2.7 82| 135| 106
Total multiple-vehicle crashes36.2| 26.5 30.7 38.0 43.8 40.7
TOTAL CRASHES 100.0 100.0 100.0 100.0 100.G 100.0

*Source: AASHTO, 2010
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Table 8.3: HSM-Default Crash Severity Levels ver@uegon Levels (Three Years

Crash Data) (Rural Two-Lane, Two-Way Roads)

. Per centage of total roadway segment crashes
Crash severity level HSM-Provided Values* |L ocally Overall Derived Values

Fatal 1.3 3.1
Incapacitating Injury 5.4 7.7
Nonincapacitating Injury 10.9 25.1
Possible Injury 14.5 18.0
Total Fatal Plus Injury 32.1 54.0

Property Damage Only 67.9 46.0
TOTAL 100.0 100.0

*Source: AASHTO, 2010

Table 8.4: HSM-Default Nighttime Proportions vessdregon Proportions (Three Years

Crash Data) (Rural Two-Lane, Two-Way Roads)

Roadway
Type (2U

HSM Default Values*

Proportion of total nighttime crashes by

severity level

Proportion of crashes that
occur at night

Fatal and Injury @

PDO n)m pnr

0.382

0.618 0.37

Locally Overall Derived Values

Proportion of total nighttime crashes by

severity level

Proportion of crashes that
occur at night

Fatal and Injury @

PDO R Prr

0.54

0.28

*Source: AASHTO, 2010

To find if locally derived values are more apprapeifor the calibration process in

Oregon, the author used statistical methods to eoenghe differences in calibration

factors between using HSM default proportions avaltiypes of locally derived values.

Details will be presented in Section 8.3. In addli§, as shown in Table 8.3, the PDO

crashes have a much smaller proportion than the &It proportions. Analysis of

the Oregon crash severity proportion will be présernn Section 8.4 and Section 8.5.
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8.3 HSM Default Proportionsversus Locally Derived Values

It is important to understand if there is differeni total predicted crash frequencies of
all sites between using default proportions andllgaerived proportions. There are two
methods in using locally derived proportions. Tingtfone is using the locally individual
derived values based on each year. The second mseng the locally overall derived
values based on three years. Therefore, the actimstructed three paired t tests to find
differences between these three methods. Resealthawn in Table 8.5, Table 8.6 and

Table 8.7.

As shown in Table 8.5, Table 8.6 and Table 8.7, B&4s not presented in the
comparison. That is because the MR4SG SPF doesawporate CMFs and locally
derived proportions have no effect in changes efptedicted crashes for MR4SG. For
all three comparisons, p-values are larger thah, @0d there is no significant difference
between three methods. Therefore, in Oregon,bécation of locally derived values

will result in a statistically significant differer in the calibration factor results compared
with using the HSM default proportions. If agenailesnot have available data to

generate locally derived values, they can use ttefalues confidently.

Table 8.5: 1 Comparison: HSM Default Proportions versus Lochilyividual Derived

Proportions

HSM Default Locally Individual Derived
F_?ggéy T;rjportg\;ple Proportions . Outputs
Crashes dize Total Crashes | Samplesize
R2 532.82 75 527.153 75 p-value

R3ST 342.149 200 343.394 200 0.3027
R4ST 651.542 200 656.174 200 T
R4SG 299.96 25 317.506 25 -1.1124
MRU 1003.121 50 997.245 50 df
MRD T74.772 19 74.973 19 7
MR3ST | 235.952 100 238.924 100 |Confidence Interval
MR4ST | 446.093 107 455.363 107 (-9.50,3.42)
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Table 8.6: 2nd Comparison: HSM Default Proportivessus Locally Overall Derived
Proportions
HSM Default Locally Overall Derived
ili Proportions Proportions
T e "
0 mple .
Crashes Size Total Crashes | Samplesize
R2 532.82 75 528.812 75 p-value
R3ST 342.149 200 343.523 200 0.3216
R4ST 651.542 200 655.012 200 T
R4SG 299.96 25 317.508 25 -1.0665
MRU | 1003.121] 50 995.816 50 df
MRD 74.772 19 75.01 19 7
MR3ST | 235.952 100 239.162 100 |Confidence Interval
MRA4ST | 446.093 107 454.58 107 (-9.26,3.50)
Table 8.7: 3rd Comparison: Locally Individual Dexdl Proportions vs Locally Overall

Derived Proportions

Locally Individual |Locally Overall Derived
. Derived Proportions Proportions
Facility Type Outputs
Total Sample Total Sample size
Crashes size Crashes
R2 527.153 75 528.812 75 p-value
R3ST 343.394 200 343.523 200 0.6486
R4ST 656.174 200 655.012 200 T
R4SG 317.506 25 317.508 25 0.476
MRU 997.245 50 995.816 50 df
MRD 74.973 19 75.01 19 7
MR3ST 238.924 100 239.164 100 | Confidence Interval
MRA4ST 455.363 107 454.58 107 (-0.65,0.98)
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8.4 Explanation of Low Calibration Factors

As shown in Section 8.1, Oregon has experiencegloer calibration factors for the
HSM predictive methods. An initial interpretatiohtbese low values is that it is safer to
travel in Oregon. However, there might be othemeésswhich may contribute to the low
ratios. The State of Oregon has a crash reportiogcegs that may explain these low

calibration values.

The State of Oregon is a self-reporting state theowords, if a crash happens with no
injuries, the drivers are typically responsible feporting the crash. The reporting
threshold is that a crash results in death, injomgtre than $1,500 damage to their
vehicles, or more than $1,500 damage and towiramother vehicle. Many other states
have much lower crash reporting thresholds. Fomgite, the State of Washington has a
$700 PDO reporting crash threshold while the tholsn the State of California is $750.
The difference in the crash reporting threshold @ytribute to the assumption that
many qualified PDO crashes in Oregon were not tedoHowever, if the same crash
occurred in Washington or California, the crasH d reported. Therefore, Oregon may
appear to have fewer PDO crashes and the totahuserash frequency of each site is
lower than expected. The reporting bias of PDOheass a possible reason of the low

calibration factors in Oregon.

The crash reporting bias can be further explainedomparing the crash severity level
between the HSM default proportions and the Ordgoally derived values. The HSM
default proportions of roadway segment types wekebkbped in the State of
Washington, while the State of California providad HSM default proportions of
intersection types. As shown in Table 8.3, compauritid the HSM default proportions,

Oregon has a much lower proportion for the PDOrh&as

8.5 Calibration Factors: Total Crashesversus Fatal and Injury
Crashes

Since the severity levels are significantly differbetween default proportions and

locally derived values. The author was interesteldoking for calibration factors for



45

fatal plus injury crashes. Also, because the rapgfor fatal plus injury crashes might be

better than the reporting for PDOs crashes, prigdichethods for fatal plus injury

crashes might provide a better estimate of tranapon safety in Oregon. Therefore, the

author calculated calibration factors for fatalpinjury crashes. The bottom two lines of

Table 8.8 show the comparison between calibratotofs for total crashes and fatal plus

injury crashes (two-way, two-lane rural roads).

Table 8.8: Calibration Comparison for Total Crastiersus Fatal plus Injury (Rural

Two-Lane, Two-Way Roads) Using HSM-Proportional \é&d

Rural Two-L ane, Two-Way Facility R2 R3ST | R4AST | R4SG
Sample Size (Sites) 75 200 200 25
Observed Crashes (Total for 2004 to 2006) 394 108 04 2 142
Observed Crashes (Fatal and Injury) 196 58 185 73
Predicted Crashes (Total for 2004 to 2006) 533 342 652 300
Predicted (Adjusted by Locally Proportions) 171 142 281 108
Calibration Factor (Total) 0.74 0.32 0.31 0.47
Calibration Factor (Fatal and Injury) 1.15 0.4 8.4 0.67

Table 8.8 indicates that for rural two-lane, twoywaads, calibration factors for fatal and

injury crashes are larger than calibration facfordotal crashes. This finding helps to

confirm the previous observation that PDO crashesess reported in Oregon,

especially for rural two-lane, two-way roads.

Table 8.9: Calibration Comparison for Total Crastiersus Fatal plus Injury (Rural

Multilane Highways) Using HSM-Proportional Values

Rural Multilane Facility MRU | MRD MR3ST|MRAST MR4SG
Sample Size (Sites) 50 19 100 107 34
Observed Crashes (Total for 2004 to 2006) 364 58 37178 157
Observed Crashes (Fatal and Injury) 153 25 20 D6 76
Predicted Crashes (Total for 2004 to 2006 1003 75236 446 1053
Predicted (Using SPFs for fatal and injury) 579 37 89 199 452
Calibration Factor (Total) 0.36 0.78 0.1p 0.40 0.15
Calibration Factor (Fatal and Injury) 0.26 0.68 3.2 0.48 0.17
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Table 8.9 shows the comparison between calibrééictors for total crashes and fatal
plus injury crashes for rural multilane highwayswéver, for rural multilane highways,

the results do not show a trend of changes inredidn factors.

8.6 Summary

In this section, the author has identified thelralion factors of all facility types based
on the HSM default proportions. Locally deriveduesd were also developed, however
results did not indicate that the application afdlty derived values would change the
calibration results. In addition, since almostcallibration factors have very low values,
the author analyzed the crash reporting issue mpidieed the low ratios in Oregon.
Furthermore, the author developed calibration fachor fatal and injury crashes are
developed. Although the calibration factors foafatnd injury crashes did not increase
for rural multilane highways, the author found astantial increase in the ratio for rural

two-lane, two-way roads.
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9.0 FUTURE CALIBRATION SAMPLE SIZE DETERMINATION METHOD

As stated in previous sections, the HSM has a sasipé requirement for the calibration
process. For each facility type, researchers apained to select at least 30 to 50 sites.
After that, more sites need to be selected urtditds of each facility type can represent
100 crashes per year. If specific facility type feser than 30 sites, all available sites

should be included in the calibration sample.

During the calibration project for the State of @oe, the author found the HSM sample
size determination plan is impractical for somalitgatypes. As a result, details of
limitations of the HSM sample size requirement Wwél stated in Section 9.1. In addition,
the author found a statistical method to bettamege the calibration sample size.
Analysis and a sample application of this new metdl be illustrated Section 9.3 and
Section 9.4.

9.1 Limitationsof HSM Sample Size Deter mination Plan

During the data collection process, the author dotlvat the target of 100 crashes per
year was hard to achieve for some facility typbeugh the sample has been increased.
Many sites do not have observed crashes. Thisadisam occurs frequently at low
volume rural intersections. Because the data dadledor each site is time consuming, it
is impractical to meet the sample size requirerfamall facility types. Therefore, for the
Oregon calibration project, the author used prattalibration sample sizes based on the
author’s judgment and the crash history. Actual@amsize for each facility type can be
found in Table 8.1. However, after the calibratpyoject, the author made an estimation
of the required sample size if the HSM sample sggiirement cannot be achieved.
Results are depicted in Table 9.1. The requiredoasize for each facility type is
determined based on the average crash frequengeaeof each site. For example, for
R2 segments, the average crash frequency persg/@éaf51. To meet the requirement of
100 crashes per year, there should be at least &Baites. After rounding up to the
nearest 5 sites, the author determined that theresjisample size should be 60 sites for

R2 segments.
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Table 9.1: Estimation of HSM Required Sample Sfee©regon Facility Types

Total Average
Observed Actual Crash Required
Facility Type Crash Sample | Frequency Sample
Frequency Size per Site Size
(ThreeYears) (Each Year)
SEGMENTS
Rural Two Lane Two Way
R2 | 2-lane Undivided 394 | 75 | 1751 | 60
Rural Multilane
MRU | 4-lane undivided 364 50 2.427 45
MRD 4-lane dividied 40 19 0.702 145
INTERSECTIONS
Rural Two Lane Two Way
3-leg, minor
R3ST SquP 108 200 0.180 560
4-leg, minor
R4ST Sql'OP 204 200 0.340 295
R4SG | 4-leg, signalized 142 25 1.893 55
Rural Multilane
3-leg, minor
MR3ST ngop 37 100 0.123 815
4-leg, minor
MR4ST sqrop 178 107 0.555 185
MR4SG| 4-leg, signalized 157 34 1.539 65

Table 9.1 indicates that to meet the HSM requirdnmarsections require very large
sample sizes. For example, MR3ST requires 815. Jitesse sample sizes are impractical
for a calibration project. Although the total numbé available sites may be smaller than
the required sample size, sampling all availaliksgs still very time-consuming for
researchers. It is true that a target of a spesifiober of crashes can force researchers to
increase the sample size and reduce the samplioig Elowever such requirements may
create difficulties for the calibration processatidition, the target of 100 crashes per
year lacks a clear statistical basis. To estinfae¢quired sample size using statistical
methods, researchers need to consider the populaitance, the total population size,
the targeted confidence level, the required mao§error, and other related features. For
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some states that experience high average cradlefrey per site and large variance in
crash characteristics between sites, the HSM redsample size may not provide
enough calibration precision. On the other handopfber states which experience very
low crash frequency per site, the sample size requent may be too conservative for the
calibration project. Therefore, the target of 1@@sbes per year is not the optimal
boundary to determine the sample size. A new metisot statistic approaches is
needed to have a better estimation of the reqsmetple size based on the local crash
data.

9.2 A New Sample Size Deter mination M ethod

After the calibration project, the author did fuethanalysis of the calibration project and
identified a statistical method to calculate thguieed sample size for each facility type.
In this method, the calibration factor can be ipteted as the ratio of the total observed
crash frequency and the total predicted crash &egy For each facility type, the author
denotes the three years total predicted crashédregufor each site as, as well as the
three year total observed crash frequency for edelasy;. Then the calibration factor
for this facility type is shown in Equation 9-1 ands the total number of sites.
1Yi

C =
21X

(9-1)

As shown in Equation 9-1, the calibration fadfois the estimate of the ratio of two
variables, y and x. The author defined a residumbie e;, which is the ith residual from
fitting the liney = Cx (see Equation 9-2). By conducting a pilot studg, sample

variances? of the residualg; can be determined using Equation 9-3.
e; =y — Cx; (9-2)

1
=), ©3)

€S

Wheren'is the number of sites for the pilot study.
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With the calculated sample variance of the resgludden a specific number of sites was
sampled, the author could determine the varian¢keo€alibration facto€ using
Equation 9-4 $haron, 2009).

7 =(1- %) ;;22 (9-4)
Where:
N = the total population size;
n = the sample size;
X = the average predicted crash frequeocgdch site.

With specific level of confidence, the margin of error e was determined using Equati
9-5. After combining Equation 9-4 and Equation 9H& author can calculate the
required sample size n using Equation 9-6 withiekrel of confidencer and the margin

of error e.

e = Z%v V\(C) (9_5)

1
"Tew 1 (9-6)
Za’S2 N
2

With the sample size calculated in Equation 9-8,a&bthor can estimate how many sites
are required to sample for each facility type.umsnary, basic steps to determine the

required sample size can be illustrated as follows:

1. Construct the pool of all candidate sites and daitex the population size N.

2. Conduct a pilot study with the number of sitésand calculate observed crash
frequency, predicted crash frequency, and the redidn factor C based on the
pilot study.

3. Determine the required level of confidence andntfaegin of error.
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4. Calculate the required sample size based on thegtidy information using

Equation 9-2, Equation 9-3, and Equation 9-6.

If agencies are expected to use this new sampeesizmation procedure, the authors
recommended a new calibration flow chart for therfe calibration project. Figure 9.1
depicts the comparison between this new flow caiadtthe traditional HSM calibration
flow chart with the HSM sample size requirement.sAswn in Figure 9.1, compared
with the traditional flow chart, the new chart pides a more straightforward and easier
calibration process. The site selection effort mnayeduced with the new sample size

estimation method.
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9.3 Analysisof New Sample Size Deter mination M ethod

As shown in Equation 9-6, the required sample isizéfected by the level of confidence,
the margin of error, the average predicted crastuency by site, the sample variance of

the residuals, and the total population size.

The level of confidence and the margin of errordetermined by agencies’ calibration
expectation or requirement. To increase the pratisf the calibration factor,
jurisdictions can increase the level of confideaceeduce the margin of error. However,
that will also increase the required sample sizkraay increase the calibration effort for

researchers.

The average predicted crash frequency by sitegsrtent on the road characteristic data
for each site. Among all road characteristic dAtaDT data have the major effect on the
average predicted crash frequency. Higher AADT eslwill result in higher predicted
crash frequency. It is expected that when highwayscal conditions experience
relatively high traffic volume, the required cahition sample size is expected to be

relatively small.

The required sample size is also dependent oratnele variance of the residuals. As
the sample variance of the residuals increasescaggeshould increase the required

sample size.

Finally, the required sample size depends on tta maimber of available sites in local
conditions. For targeted populations, when the remolb available sites increases,
agencies should increase the required sample size.

9.4 Example Application of New Sample Size Deter mination Method

R3ST and R4ST are two common types of rural intéices in Oregon. These two types
of intersections have very few crashes. Althoughatthor increased the sample size to
200 for each of these two facility types, the targember of crashes of 100 per year still
could not be achieved. As shown in Table 9.1, tetrtiee 100 crashes per year, sample
sizes need to reach 560 for R3ST and 295 for R&®Wever, the total numbers of
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available sites are 466 for 3ST and 225 for 4SErétore, all sites are expected to be
sampled until the requirement is met and that [@actical for a calibration project.
However the new sample size determination methodhelp researchers to reduce the
required sample size to a practical level. Thereftre author used this new method to

re-estimate the sample sizes for these two fadijjpes.

Before the sample size calculation, the author lshamake a pilot study. The author
considered the existing samples in the Oregon redidn project as the pilot study. The
pilot study for each facility type includes 200esit (In actual application, the pilot study
does not need to have this large number of sité®).calibration factors from the pilot
study equal 0.32 and 0.31 (see Table 8.1). Witlc#ieration factors, the author used
Equation 9-2 to calculate the residual for eachdel site and used Equation 9-3 to
calculate the sample variance of the residualedch of these facility types, R3ST and
R4ST. The sample variances of the residuals af94.fbr R3ST and 3.6523 for R4ST.
Also, based on the predicted crash calculationatleeage predicted crash frequencies by
site are 1.711 for R3ST and 3.258 for R4ST. Witbwn population sizes for both these
facility types, the author can use Equation 9-6aiculate the required sample size with
different levels of confidences and margins of erResults are shown in Table 9.2 and
Table 9.3.

The actual sample size in the calibration proje@d0 for each of R3ST and R4ST.

Table 9.2 and Table 9.3 indicate that the requseedple size varies by different
requirement of the level of confidence and the nimaof error. For 95% level of
confidence, 200 sites result in the margin of ewbich ranges from 0.05 to 0.1 for

3RST and ranges from 0.01 to 0.05 for 4ST. Theasgesof the margin of error are
acceptable for a calibration project, and the nunob200 sites is a reasonable and
practical sample size for R3ST and R4ST. Agencesdetermine their own expected
precision of the calibration factor and choosertiated sample size based on results in
Table 9.2 and Table 9.3. In Table 9.2 and TabletBe8sample size is the number of sites
selected for the calibration effort, while the plation size is the total number of

available sites in Oregon.
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Table 9.2: Required Sample Sizes of R3ST

Rural Two-Lane, Two-Way Roads Three- Level of Confidence (a)

leg Stop Controlled Intersections (R3ST) 90% 95% 99%
0.1 91 119 230

Margin of Error 0.05 229 270 371
0.01 447 453 461

Population Size 466

Average Predicted Crash Frequency by 1.711

Site '

Sample Variance of Residuals 1.2194

Table 9.3: Required Sample Sizes of R4ST

Rural Two-Lane, Two-Way Roads Four -

Leve of Confidence (a)

leg Stop Controlled Inter sections (R4ST) 90% 95% 99%
0.1 65 83 141

Margin of Error 0.05 140 158 196
0.01 220 221 224

Population Size 225

Average Predicted Crash Frequency by 3958

Site '

Sample Variance of Residuals 3.6523

9.5 Summary

The new sample size estimation method is a staltireliable approach. Therefore, the

author recommends future researchers should usadi method.
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10.0 CONCLUSIONS

With calibration factors developed in the caliboatproject, the State of Oregon can
confidently use the HSM predictive methods to eatdithe safety of rural state
highways in Oregon. Also, the author provided aiied outline which can assist future
researchers in their site selection, data collactimd data analysis of the calibration

project.

During the calibration project, the author locate@ common obstacle in the data
collection process that the minor road AADT of msttions is often unavailable. This
thesis provided an effective and practical metlodddress this problem by developing
an AADT estimation model. Future researchers ciavicthis method to generate their

own models to estimate the AADT values.

Although the HSM recommends agencies to develoglipderived values, this thesis
proved that the State of Oregon can directly useH8M default proportions. In addition,
the low calibration ratios and current crash rapgrthresholds indicate that many PDO
crashes are not reported in Oregon. As a resappears that the use of fatal and injury
level calibration factors is more appropriate fog State of Oregon.

Finally, the author found that the HSM required plsize of 100 crashes per year may
not apply to all facilities. To address this isspigctical sample sizes were used in the
calibration project. After the project, to improthes future calibration process, the author
identified a new sample size estimation methodhWwhts new method, agencies can
select the sample size based on the expectedipredis addition, this new method can

reduce the effort in the calibration process.
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11.0 RECOMMENDATIONS

Sites were mainly selected from the state highwates for the Oregon calibration
project. When road characteristic data for coumgways are available, it is better to
include county highways in the calibration sampldind if there are variations in

calibration results.

The data set is time-consuming to develop for tBdMHalibration project and many road
characteristic data elements may have little efbacthe changes of the calibration factor
results. The next step is to determine if variablas use HSM default values or other

recommended values without affecting the accurédtlyecalibration results.

In addition, the AADT estimation model is still texconsuming to generate and some
agencies may have difficulty in finding relatedaesces for the model. Future
researchers are expected to analyze other meth@&dsimate the AADT values and find
differences in the estimation results. One suppigat@stimation method is to use a ratio
of minor road AADT to major road AADT to estimateetminor road AADT with known
major road AADT.

Besides the calibration procedure, another HSMmewgended method could allow local
agencies to use the HSM predictive methods by géingrthe SPF models for local
conditions. The next step is to generate the SP#etador Oregon and find differences
in the prediction between using the calibrationcpure and generating the local SPF
models.
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Appendix A Acronyms

Table A.1: Acronyms

Acronym Term
AADT Annual Average Daily Traffic
AASHTO American A_ssociat_iqn of State Highway and
Transportation Officials
C Calibration factor
CDS Crash Data System
CMF Crash Modification Factor
ft feet
HSM Highway Safety Manual
ITS Intelligent Transportation System
MP Milepoint
MR3ST Rural Multilane Three-Leg Stop Controled tsgetion
MR4SG Rural Multilane Four-Leg Signalized Intersaas
MR4ST Rural Multilane Four-Leg Stop Controled lisiction
MRD Rural Multilane Divided Segment
MRU Rural Multilane Undivided Segment
ODOT Oregon Department of Transportation
ORStateHwysFCandNHS Functional Classification qnd National Highway ®yst
Status on Oregon State Highways
OSsu Oregon State University
OTREC Oregon Transportation Research and Education
Consortium
PDO Property Damage Only
PSU Portland State University
R2 Rural Two-Lane, Two-Way Undivided Segment
Rural Two-Lane, Two Way Three-Leg Stop Controled
R3ST :
Intersection
Rural Two-Lane, Two Way Four-Leg Signalized
R4SG :
Intersections
Rural Two-Lane, Two Way Four-Leg Stop Controled
R4ST :
Intersection
SPF Safety Performance Function
TWLTL Two Way Left Turn Lane
VIF Variance Inflation Factor




Appendix B

61

L ocally Derived Values

B.1 Rural Two-Lane, Two-Way Roadway Segments Locally Derived Values

Table B.1: R2 Locally Derived Severity Proportigivear 2004 Crash Data)

Crash severity level L ocally-Derived Values
Fatal 3.3
Incapacitating Injury 6.2
Nonincapacitating Injui 25.5
Possible Injury 17.2

Total Fatal Plus Injury 52.2
Property Damage Only 47.8

TOTAL 100.0

Table B.2: R2 Locally Derived Collision Distribah (Year 2004 Crash Data)

L ocally-Derived Values

Collision type Total fatal Property |[TOTAL (all severity levels
and injury | damage only combined)
SINGLE-VEHICLE CRASHES
Collision with animal 3.8 12.0 7.7
Collision with bicycle 0.4 0.0 0.2
Collision with pedestrian 0.8 0.0 0.4
Overturned 10.4 3.2 7.0
Ran off road 42.1 35.6 39.0
Other single-vehicle crash 1.4 0.6 1.0
Total single-vehicle crashes 58.9 51.4 55.3
MULTIPLE-VEHICLE CRASHES
Angle collision 0.8 1.1 0.9
Head-on collision 6.8 1.4 4.2
Rear-end collision 18.9 23.0 20.9
Sideswipe collision 5.0 7.3 6.1
Other multiple-vehicle collision 9.6 15.9 12.6
Total multiple-vehicle crashes 41.1 48.6 44.7
TOTAL CRASHES 100.0 100.0 100.0

Table B.3: R2 Locally Derived Nighttime Crash podions (Year 2004 Crash Data)

Locally Derived Values

Proportion of total nighttime crashes by

Proportion of crashesthat occur at night

severity level
Fatal and Injury pin PDO ppar Prr
0.5 0.5 0.27
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Table B.4:R2 Locally Derived Severity Proportions (Year 2@D&sh Data)

Crash severity level

L ocally-Derived Values

Fatal 3.1

Incapacitating Injury 7.6

Nonincapacitating Injury 24.5
Possible Injury 19.5
Total Fatal Plus Injury 54.6
Property Damage Only 45.4
TOTAL 100.0

Table B.5:R2 Locally Derived Collision Distribution (Year 26@rash Data)

Locally-Derived Values

Callision type Total fatal Property | TOTAL (all severity levels
and injury | damage only combined)
SINGLE-VEHICLE CRASHES
Collision with animal 3.2 10.4 6.4
Collision with bicycle 0.6 0.0 0.3
Collision with pedestrian 0.6 0.0 0.3
Overturned 7.4 3.3 5.6
Ran off road 48.0 41.9 45.3
Other single-vehicle crash 1.5 2.1 1.7
Total single-vehicle crashes 61.3 57.6 59.7
MULTIPLE-VEHICLE CRASHES
Angle collision 0.9 0.5 0.8
Head-on collision 5.7 1.0 3.7
Rear-end collision 19.5 20.7 20.1
Sideswipe collision 4.2 8.3 6.0
Other multiple-vehicle collision 8.4 11.8 9.9
Total multiple-vehicle crashes 38.7 42.4 40.3
TOTAL CRASHES 100.0 100.0 100.0

Table B.6:R2 Locally Derived Nighttime Crash Proportions (Y805 Crash Data)

Locally Derived Values

Proportion of total nighttime crashes by

Proportion of crashesthat occur at night

severity level
Fatal and Inj ury Pinr PDO Ponr Pnr
0.57 0.43 0.29
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Table B.7:R2 Locally Derived Severity Proportions (Year 2@&sh Data)

Crash severity level L ocally-Derived Values
Fatal 3.0
Incapacitating Injury 9.3
Nonincapacitating Injury 25.6
Possible Injury 17.1

Total Fatal Plus Injury 54.9
Property Damage Only 45.1

TOTAL 100.0

Table B.8:R2 Locally Derived Collision Distribution (Year 26@rash Data)

Locally-Derived Values

Callision type Total fatal Property | TOTAL (all severity levels
and injury | damage only combined)
SINGLE-VEHICLE CRASHES
Collision with animal 2.5 13.7 7.6
Collision with bicycle 0.7 0.0 0.4
Collision with pedestrian 1.0 0.0 0.5
Overturned 8.4 5.1 6.9
Ran off road 50.5 39.5 45.6
Other single-vehicle crash 2.3 1.0 1.7
Total single-vehicle crashes 65.4 59.4 62.7
MULTIPLE-VEHICLE CRASHES
Angle collision 0.7 0.4 0.6
Head-on collision 5.0 0.7 3.1
Rear-end collision 17.8 20.6 19.1
Sideswipe collision 4.2 5.7 4.9
Other multiple-vehicle collision 6.8 13.2 9.7
Total multiple-vehicle crashes 34.6 40.6 37.3
TOTAL CRASHES 100.0 100.0 100.0

Table B.9:R2 Locally Derived Nighttime Crash Proportions (Y2806 Crash Data)

Locally Derived Values

Proportion of total nighttime crashes by

Proportion of crashesthat occur at night

severity level
Fatal and Inj ury Pinr PDO Ponr Pnr
0.54 0.46 0.29
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Table B.10:R2 Locally Derived Severity Proportions (Three Y&&rash Data)

Crash severity level L ocally-Derived Values
Fatal 3.1
Incapacitating Injury 7.7
Nonincapacitating Injury 25.1
Possible Injury 18.0

Total Fatal Plus Injury 54.0
Property Damage Only 46.0

TOTAL 100.0

Table B.11R2 Locally Derived Collision Distribution (Three ¥is’ Crash Data)

Locally-Derived Values

Callision type Total fatal Property | TOTAL (all severity levels
and injury | damage only combined)
SINGLE-VEHICLE CRASHES
Collision with animal 3.1 12.0 7.2
Collision with bicycle 0.6 0.0 0.3
Collision with pedestrian 0.8 0.0 0.4
Overturned 8.6 3.8 6.4
Ran off road 47.1 39.1 43.5
Other single-vehicle crash 1.7 1.3 1.5
Total single-vehicle crashes 62.0 56.2 59.3
MULTIPLE-VEHICLE CRASHES
Angle collision 0.8 0.7 0.8
Head-on collision 5.8 1.0 3.6
Rear-end collision 18.8 21.4 20.0
Sideswipe collision 4.4 7.1 5.6
Other multiple-vehicle collision 8.2 13.5 10.6
Total multiple-vehicle crashes 38.0 43.8 40.7
TOTAL CRASHES 100.0 100.0 100.0

Table B.12R2 Locally Derived Nighttime Crash Proportions (@&rYears’ Crash Data)

Locally Derived Values

Proportion of total nighttime crashes by

Proportion of crashesthat occur at night

severity level
Fatal and Inj ury Pinr PDO Ponr Pnr
0.54 0.46 0.28
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B.2 Rural Two-Lane, Two-Way Intersections Locally Derived Values

Table B.13R3ST, R4ST and R4SG Locally Derived Severity Propos (Year 2004 Crash

Data)
o L ocally-Derived Values

Collision type R3ST RAST RASG
Fatal 2.1 2.0 0.0
Incapacitating injury 4.6 6.7 2.6
Nonincapacitating injury 21.0 19.0 20.5
Possible injury 23.5 21.0 12.8
Total fatal plus injury 51.2 48.7 35.9
Property damage only 48.8 51.3 64.1
TOTAL 100.0 100.0 100.0

Table B.14:R3ST, R4ST, and R4SG Locally Derived Collision Bisition (Year 2004 Crash
Data)

Per centage of total crashes by collision type (L ocally Derived Values)

Three-leg stop- Four-leg stop- Four-leg signalized
controlled inter sectionsicontrolled inter sections inter sections
Collision type Fatal |Property Fatal |Property Fatal |Property
and |[damage|Total | and |damage| Total | and |damage| Total
Injury| only injury| only injury| only
SINGLE-VEHICLE CRASHES
Collision with animal 0.0 0.0 0.0 0.0 0.8 0.4 0j0 .00| 0.0
Collision with bicycle 0.8 0.0 0.4 2.4 0.0 1.p 0,0 0.0 0.0
Collision with pedestrian 0.0 0.0 0.0 1.6 0.( 08 .00 0.0 0.0
Overturned 3.3 0.9 2.1 0.4 0.0 o4 0J0 0.0 0.0
Ran off road 12.3 129 12p 3.3 3.9 316 00 0)0 0.0
Other single-vehicle crash 0.( 0.0 0|0 0.8 0.0 D.4.0 0.0 0.0

Total single-vehicle crashes 16|4 138 151 8.9 4.76.7 0.0 0.0 0.0
MULTIPLE-VEHICLE CRASHES

Angle collision 4.1 10.3 7.1 4238  34.9 385 214 .024] 23.1
Head-on collision 25 0.0 1.3 0.¢ 0.0 00 0i0 00 00
Rear-end collision 36.9 35.3 36{1 220 14{7 18.3.050 44.0 | 46.2
Sideswipe collision 1.6 0.9 1.3 0.0 0.0 0}0 0.0 040 0.0
Other multiple-vehicle collisign38.5 39.7 | 39.1 26.§ 457, 36/5 286 320 30.8

Total multiple-vehicle crashes  83.6 86.2 849 91.195.3 | 93.3| 100.0 100.0 | 100.0
TOTAL CRASHES 100.0 100.0 | 100.0 100.0/ 100.0 | 100.0 100.0| 100.0 | 100.0
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Table B.15R3ST, R4ST, and R4SG Locally Derived Nighttime @rBsoportions (Year 2004
Crash Data)

Proportion of crashesthat occur at night, py;

I nter section Type L ocally-Derived Values
R3ST 0.189
R4ST 0.143
R4SG 0.103
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Table B.16:R3ST, R4ST and R4SG Locally Derived Severity Pripos (Year 2005 Crash

Data)
o L ocally-Derived Values

Collision type R3ST RAST RASG
Fatal 0.9 0.9 2.6
Incapacitating injury 4.1 7.1 0.0
Nonincapacitating injury 20.5 20.4 7.7
Possible injury 26.5 24.8 28.2
Total fatal plus injury 52.1 53.1 38.5
Property damage only 47.9 46.9 61.5
TOTAL 100.0 100.0 100.0

Table B.17:R3ST, R4ST, and R4SG Locally Derived Collision Bisttion (Year 2005 Crash
Data)

Per centage of total crashes by collision type (L ocally Derived Values)

Three-leg stop- Four-leg stop- Four-leg signalized
controlled inter sectionsicontrolled inter sections inter sections
Collision type Fatal |Property Fatal |Property Fatal |Property
and |[damage|Total | and |damage| Total | and |damage| Total
Injury| only injury| only injury| only
SINGLE-VEHICLE CRASHES
Collision with animal 0.0 0.0 0.0 0.0 0.0 0.0 0,0 .00| 0.0
Collision with bicycle 0.0 0.0 0.0 0.8 0.0 0.4 59 0.0 2.6
Collision with pedestrian 0.0 0.0 0.0 0.8 0.( 04 .00 0.0 0.0
Overturned 1.7 0.0 0.9 1.6 1.0 13 0J0 0.0 0.0
Ran off road 11.7 16.2| 13y 0.8 3.1 1|8 0.0 0)0 0.0
Other single-vehicle crash 0.( 1.0 0|5 1,6 0.0 D.%.9 0.0 2.6

Total single-vehicle crashes 13)3 17p 151 %5 4149 | 11.8 0.0 5.1
MULTIPLE-VEHICLE CRASHES

Angle collision 5.0 3.0 41| 479 28.6 394 235 81] 28.2
Head-on collision 0.0 0.0 0.d 0.8 0.0 0l4 0i0 00 00
Rear-end collision 32.5 31.3] 32/0 195 17/3 18.6 .335 40.9 | 38.5
Sideswipe collision 1.7 4.0 2.7 0.8 0.0 0}4 0.0 00 0.0
Other multiple-vehicle collisign47.5 444 | 46.1 25.4 50.00 36/3 294 2713  28.2

Total multiple-vehicle crashes  86.7 828 849 945959 | 95.1| 88.2] 100.0 94.9
TOTAL CRASHES 100.0 100.0 | 100.0 100.0/ 100.0 | 100.0 100.0| 100.0 | 100.0
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Table B.18:R3ST, R4ST, and R4SG Locally Derived Nighttime @rBsoportions (Year 2005
Crash Data)

Proportion of crashesthat occur at night, py;

I nter section Type L ocally-Derived Values
3ST 0.142
4ST 0.137
4SG 0.154
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Table B.19:R3ST, R4ST and R4SG Locally Derived Severity Propos (Year 2006 Crash

Data)

L ocally-Derived Values

Collision type R3ST RAST RASG
Fatal 0.9 15 0.0
Incapacitating injury 6.4 6.3 4.4
Nonincapacitating injury 22.8 25.4 13.3
Possible injury 26.9 20.2 33.3
Total fatal plus injury 57.1 53.3 51.1
Property damage only 42.9 46.7 48.9
TOTAL 100.0 100.0 100.0

Table B.20:R3ST, R4ST, and R4SG Locally Derived Collision Bisttion (Year 2006 Crash

Data)

Per centage of total crashes by collision type (L ocally Derived Values)

Three-leg stop- Four-leg stop- Four-leg signalized
controlled inter sectionsicontrolled inter sections inter sections
Collision type Fatal |Property Fatal |Property Fatal |Property
and |[damage|Total | and |damage| Total | and |damage| Total
Injury| only injury| only injury| only
SINGLE-VEHICLE CRASHES

Collision with animal 0.0 0.0 0.0 0.0 0.0 0.0 0,0 .00| 0.0
Collision with bicycle 1.6 0.0 0.9 2.8 0.0 1.6 0,0 0.0 0.0
Collision with pedestrian 0.8 0.0 0.5 2.8 0.( 15 .34 0.0 2.2
Overturned 2.4 2.1 2.3 1.4 0.8 112 0J0 0.0 0.0
Ran off road 10.4 12.8| 114 4.8 10.2 74 Q.0 0/0 0 O.
Other single-vehicle crash 1.6 1.1 1/4 0.0 0.0 D.0.0 0.0 0.0
Total single-vehicle crashes 16)8 16.0 164 11.7 .01111.4| 4.3 0.0 2.2

MULTIPLE-VEHICLE CRASHES
Angle collision 4.8 3.2 41| 372 228 305 30.4 218 24.4
Head-on collision 0.8 0.0 0.5 1.4 0.8 1)1 0i0 00 00
Rear-end collision 30.4 33.00 31/5 124 28/]3 19.9.543 31.8 | 37.8
Sideswipe collision 1.6 1.1 1.4 0.7 0.0 0}4 0.0 4522
Other multiple-vehicle collisign45.6 46.8 | 46.1 36.4 37.00 36/8 217 455  33.3
Total multiple-vehicle crashes 832 84.0 836 88.389.0 | 88.6/ 957 100.0 97.8
TOTAL CRASHES 100.0 100.0 | 100.0 100.0{ 100.0 | 100.0 100.0f 100.0 | 100.0
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Table B.21:R3ST, R4ST, and R4SG Locally Derived Nighttime @rBsoportions (Year 2006
Crash Data)

Proportion of crashesthat occur at night, py;

I nter section Type L ocally-Derived Values
3ST 0.215
4ST 0.228
4SG 0.133
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Table B.22:R3ST, R4ST and R4SG Locally Derived Severity Pripos (Three Years’ Crash

Data)

L ocally-Derived Values

Collision type R3ST RAST RASG
Fatal 1.3 15 0.8
Incapacitating injury 5.0 6.7 2.4
Nonincapacitating injury 21.4 21.7 13.8
Possible injury 25.6 21.9 25.2
Total fatal plus injury 53.4 51.7 42.3
Property damage only 46.6 48.3 57.7
TOTAL 100.0 100.0 100.0

Table B.23:R3ST, R4ST, and R4SG Locally Derived Collision Bisttion (Three Years’
Crash Data)

Per centage of total crashes by collision type (L ocally Derived Values)

Three-leg stop- Four-leg stop- Four-leg signalized
controlled inter sections controlled inter sections
Collision type Inter sections
Fatal |Property|Total | Fatal |Property| Total | Fatal |Property| Total
and | damage and | damage and | damage
Injury| only injury| only injury| only
SINGLE-VEHICLE CRASHES
Collision with animal 0.0 0.0 0. 0. 0.3 01 00 .00]| 0.0
Collision with bicycle 0.8 0.0 0.4 2. 0.0 11 19 0.0 0.8
Collision with pedestrian 0.3 0.0 oL 18 0.Q g9 .91 0.0 0.8
Overturned 2.5 1.0 1.8 1.3 0.6 0/9 00 0.0 0.0
Ran off road 11.4 13.9 12)6 3.0 5.9 44 Q.0 0.p 0.0
Other single-vehicle crash 0.5 0.6 06 0.8 0.0 D.4.9 0.0 0.8
Total single-vehicle crashes 155 15.5 155 8.8 6/87.9 | 5.6 0.0 2.4
MULTIPLE-VEHICLE CRASHES

Angle collision 4.6 5.8 5.2 422 28.8 359 259 @&4] 25.2
Head-on collision 1.1 0.0 0.6 0.8 0.3 05 0.0 00 00
Rear-end collision 33.2 33.3 3313 17.7 20.3 18.9.642 39.1 | 40.7
Sideswipe collision 1.6 1.9 1.8 0.p 0.0 03 0.0 1.4 0.8
Other multiple-vehicle collision 43.9 434 43.4 30.1 43.8 365 25.9 34.8 30.9
Total multiple-vehicle crasheg 845 84.% 84.5 91.293.2 92.1| 94.4 100.0f 97.6
TOTAL CRASHES 100.0 100.0 | 100.0100.0f 100.0 | 100.0100.0] 100.0 | 100.0
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Table B.24:R3ST, R4ST, and R4SG Locally Derived Nighttime @rBsoportions (Three

Years’ Crash Data)

Proportion of crashesthat occur at night, py;

I nter section Type L ocally-Derived Values
3ST 0.182
4ST 0.172
4SG 0.130




B.3 Rural Multilane Segment Locally Derived Values
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Table B.25: MRUW.ocally Derived Collision Distribution (Year 2004 #&h Data)

o Locally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.036 0.056 0.074 0.019
Sideswipe 0.183 0.132 0.173 0.228
Rear-end 0.359 0.368 0.185 0.352
Angle 0.010 0.007 0.012 0.012
Single 0.294 0.319 0.370 0.272
Other 0.118 0.118 0.185 0.117
SV run-off-rd, Head-on, Sideswipe 0.399

Table B.26: MRULocally Derived Nighttime Crash Proportions (Ye&02 Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, & PDO, Rnr Par
0.571 0.429 0.206

Table B.27: MRDLocally Derived Collision Distribution (Year 2004 #&h Data)

o L ocally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.055 0.067 0.067 0.047
Sideswipe 0.123 0.100 0.133 0.140
Rear-end 0.356 0.333 0.133 0.372
Angle 0.000 0.000 0.000 0.000
Single 0.411 0.467 0.600 0.372
Other 0.055 0.033 0.067 0.070
SV run-off-rd, Head-on, Sideswipe 0.493

Table B.28: MRDLocally Derived Nighttime Crash Proportions (Ye@02 Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, i PDO, B Par
0.550 0.450 0.274
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Table B.29: MRUL.ocally Derived Collision Distribution (Year 2005&sh Data)

Locally-Derived Values

Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.049 0.092 0.155 0.012
Sideswipe 0.146 0.096 0.100 0.188
Rear-end 0.329 0.367 0.200 0.297
Angle 0.019 0.028 0.036 0.012
Single 0.344 0.339 0.436 0.348
Other 0.114 0.078 0.073 0.145
SV run-off-rd, Head-on, Sideswipe 0.435

Table B.30: MRU.ocally Derived Nighttime Crash Proportions (Ye@08 Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level

Proportion of crashesthat occur at night

Fatal and injury, i

PD01 er

Pre

0.518

0.482

0.241

Table B.31: MRDLocally Derived Collision Distribution (Year 2005&h Data)

Locally-Derived Values

Collison type Total | Fatal and injuryFatal and injury PDO
Head-on 0.000 0.000 0.000 0.000
Sideswipe 0.206 0.080 0.091 0.289
Rear-end 0.397 0.440 0.455 0.368
Angle 0.000 0.000 0.000 0.000
Single 0.365 0.480 0.455 0.289
Other 0.032 0.000 0.000 0.053
SV run-off-rd, Head-on, Sideswipe 0.492

Table B.32: MRDLocally Derived Nighttime Crash Proportions (Ye@08 Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level

Proportion of crashesthat occur at night

Fatal and injury, i

PDO, B

Prr

0.389

0.611

0.286
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Table B.33: MRUL.ocally Derived Collision Distribution (Year 2006&h Data)

o Locally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.040 0.083 0.118 0.012
Sideswipe 0.148 0.101 0.097 0.178
Rear-end 0.305 0.339 0.194 0.283
Angle 0.014 0.024 0.032 0.008
Single 0.390 0.375 0.473 0.399
Other 0.103 0.077 0.086 0.120
SV run-off-rd, Head-on, Sideswipe 0.458

Table B.34: MRU.ocally Derived Nighttime Crash Proportions (Ye@08 Crash Data)

L ocally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, & PDO, Rnr Par
0.357 0.643 0.263

Table B.35: MRDLocally Derived Collision Distribution (Year 2006#&h Data)

o L ocally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.021 0.059 0.067 0.000
Sideswipe 0.128 0.000 0.000 0.200
Rear-end 0.170 0.235 0.200 0.133
Angle 0.021 0.059 0.067 0.000
Single 0.574 0.588 0.600 0.567
Other 0.085 0.059 0.067 0.100
SV run-off-rd, Head-on, Sideswipe 0.574

Table B.36: MRDLocally Derived Nighttime Crash Proportions (Ye&08 Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, i PDO, B Par
0.412 0.588 0.362
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Table B.37: MRUW.ocally Derived Collision Distribution (Three Yeafsrash Data)

o Locally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.040 0.083 0.118 0.012
Sideswipe 0.148 0.101 0.097 0.178
Rear-end 0.305 0.339 0.194 0.283
Angle 0.014 0.024 0.032 0.008
Single 0.390 0.375 0.473 0.399
Other 0.103 0.077 0.086 0.120
SV run-off-rd, Head-on, Sideswipe 0.458

Table B.38: MRU.ocally Derived Nighttime Crash Proportions (Thiears’ Crash Data)

L ocally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, & PDO, Rnr Par
0.357 0.643 0.263

Table B.39: MRDLocally Derived Collision Distribution (Three Yea@rash Data)

o L ocally-Derived Values
Collision type Total | Fatal and injuryFatal and injury PDO
Head-on 0.027 0.042 0.049 0.018
Sideswipe 0.153 0.069 0.073 0.207
Rear-end 0.322 0.347 0.244 0.306
Angle 0.005 0.014 0.024 0.000
Single 0.437 0.500 0.561 0.396
Other 0.055 0.028 0.049 0.072
SV run-off-rd, Head-on, Sideswipe 0.514

Table B.40: MRDLocally Derived Nighttime Crash Proportions (Thigars’ Crash Data)

Locally-Derived Values

Proportion of total night-time crashes by severity

level Proportion of crashesthat occur at night
Fatal and injury, i PDO, B Par
0.455 0.545 0.301
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B.4 Rural Mutilane Intersections Locally Derived Values

Table B.41: MR3STocally Derived Collision Distribution (Year 2004 &h Data)

Locally-Derived Values
Collision type Total |Fatal and injur;!:ataI a?d Injur PDO
Three-leg inter sectionswith minor road stop control
Head-on 0.009 0.008 0.014 0.011
Sideswipe 0.005 0.000 0.000 0.011
Rear-end 0.269 0.320 0.155 0.202
Angle 0.041 0.064 0.099 0.011
Single 0.137 0.152 0.183 0.117
Other 0.539 0.456 0.549 0.649
SV run-off-rd, Head-on, Sideswipe 0.114

Table B.42: MR4STocally Derived Collision Distribution (Year 2004 &sh Data)

L ocally-Derived Values
Collision type Total |Fatal and injur;!:ataI a.?d Injur PDO
Four -leg inter sections with minor road stop contr ol
Head-on 0.005 0.009 0.014 0.000
Sideswipe 0.005 0.000 0.000 0.011
Rear-end 0.156 0.159 0.086 0.152
Angle 0.405 0.469 0.529 0.326
Single 0.054 0.018 0.014 0.098
Other 0.376 0.345 0.357 0.413
SV run-off-rd, Head-on, Sideswipe 0.059

Table B.43: MR3ST and MR4STcally Derived Nighttime Crash Proportions (Ye&02
Crash Data)

Locally-Derived Values
Proportion of total night- .
Roadway Type time crashes by severity Propo:)tc| (?Sroaztcr: ;alsnrllwtesthat
level g
Fatal and
injury, P PDO, Ror o
3ST 0.515 0.485 0.151
4ST 0.553 0.447 0.174
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Table B.44: MR3STocally Derived Collision Distribution (Year 2005&sh Data)

L ocally-Derived Values
Collision type Total |Fatal and injur;l/:atal an injur PDO
Three-leg inter sectionswith minor road stop control
Head-on 0.012 0.020 0.031 0.000
Sideswipe 0.006 0.010 0.000 0.000
Rear-end 0.193 0.192 0.109 0.189
Angle 0.064 0.121 0.125 0.014
Single 0.105 0.101 0.109 0.108
Other 0.620 0.556 0.625 0.689
SV run-off-rd, Head-on, Sideswipe 0.094

Table B.45: MR4STocally Derived Collision Distribution (Year 2005&sh Data)

L ocally-Derived Values
Collision type Total |Fatal and injur;l/:atal an injur PDO
Four-leg inter sections with minor road stop control

Head-on 0.010 0.016 0.025 0.000

Sideswipe 0.010 0.000 0.000 0.024

Rear-end 0.124 0.128 0.074 0.119
Angle 0.411 0.440 0.457 0.369
Single 0.043 0.056 0.049 0.024
Other 0.402 0.360 0.395 0.464

SV run-off-rd, Head-on, Sideswipe 0.038

Table B.46: MR3ST and MR4STocally Derived Nighttime Crash Proportions (Ye&03
Crash Data)

L ocally-Derived Values
Roadway Type T?%goésgﬂggmivgg?t' Proportion of crashesthat
Ievely y occur at night
Fatal and
injury, P PDO, Ror o
3ST 0.615 0.385 0.152
4ST 0.538 0.462 0.152
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Table B.47: MR3STocally Derived Collision Distribution (Year 2006 &sh Data)

Locally-Derived Values

Collision type Total |Fatal and injur;}:atal aand injur PDO
Three-leg inter sections with minor road stop control

Head-on 0.000 0.000 0.000 0.000

Sideswipe 0.021 0.017 0.027 0.028

Rear-end 0.265 0.265 0.227 0.264
Angle 0.032 0.034 0.013 0.028
Single 0.111 0.094 0.093 0.139
Other 0.571 0.590 0.640 0.542

SV run-off-rd, Head-on, Sideswipe 0.090

Table B.48: MR4STocally Derived Collision Distribution (Year 2006&sh Data)

Locally-Derived Values
Collision type Total |Fatal and injur;'/: atal ag d injur PDO
Four -leg inter sections with minor road stop contr ol

Head-on 0.000 0.000 0.000 0.000

Sideswipe 0.013 0.016 0.014 0.010
Rear-end 0.166 0.168 0.100 0.163
Angle 0.327 0.376 0.414 0.265
Single 0.067 0.080 0.100 0.051
Other 0.426 0.360 0.371 0.510

SV run-off-rd, Head-on, Sideswipe 0.058

Table B.49: MR3ST and MR4STcally Derived Nighttime Crash Proportions (Ye@08

Crash Data)

L ocally-Derived Values

Proportion of total night- .
Roadway Type time crashes by severity Proportion of cr_ashesthat
level occur at night
Fatal and
injury, Por PDO, Ror P
3ST 0.600 0.400 0.132
4ST 0.710 0.290 0.164




80

Table B.50: MR3STocally Derived Collision Distribution (Three YeaGrash Data)

Locally-Derived Values
Collision type Total |Fatal and injur;}:atal aand injur PDO
Three-leg inter sections with minor road stop control
Head-on 0.007 0.009 0.014 0.004
Sideswipe 0.010 0.009 0.010 0.013
Rear-end 0.245 0.264 0.167 0.217
Angle 0.045 0.070 0.076 0.017
Single 0.119 0.117 0.129 0.121
Other 0.573 0.531 0.605 0.629
SV run-off-rd, Head-on, Sideswipe 0.100

Table B.51: MR4STocally Derived Collision Distribution (Three YeaGrash Data)

L ocally-Derived Values
Collision type Total |Fatal and injur;!:ataI a?d injur PDO
Four-leg inter sections with minor road stop control
Head-on 0.005 0.008 0.014 0.000
Sideswipe 0.009 0.006 0.005 0.015
Rear-end 0.149 0.152 0.086 0.146
Angle 0.380 0.427 0.466 0.318
Single 0.055 0.052 0.054 0.058
Other 0.402 0.355 0.376 0.464
SV run-off-rd, Head-on, Sideswipe 0.052

Table B.52: MR3ST and MR4STocally Derived Nighttime Crash Proportions (Thhears’
Crash Data)

L ocally-Derived Values
Proportion of total night- :
Roadway Type time crashes by severity Propo:)tc| ((:)Srogtcrr] {agsrt:testhat
level
Fatal and

injury, Pinr PDO, Ror Prr
3ST 0.571 0.429 0.145
4ST 0.600 0.400 0.164




